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EDITOR’S OUTLOOK 


E HAVE previously discussed in these columns the virtue of the 
historical method of approach in the teaching of elementary chem- 
istry from the standpoint of its potentialities as a humanizing and in- 
terest-promoting factor—in other words, as an aid toward 

Tae the teaching of chemistry itself. We believe, however, that 
Historical ne may well give some consideration to the question 
Approach whether the history of science in general has not a consider- 

able primary value in its own right aside from its secondary value as an 
aid in making scientific subject matter more palatable. 

If elementary science instruction is indeed to have any of the cultural 
value which seems to constitute one of the chief arguments for its inclu- 
sion in the curriculum, it may well undertake to counteract some of the 
distorted impressions which the student receives from the average history 
course. Rumors reach us that the more progressive history teachers 
themselves are attempting something in the way of reform, but the fact 
remains that the average secondary-school student graduates in abysmal 
ignorance of the history of civilization. He remembers a few dates— 
chiefly national anniversaries—and he can perhaps construct a crude out- 
line of colonizations, conquests, and territorial acquisitions. His mental 
portrait gallery contains a few military heroes, a few statesmen, and a 
considerable number of spiritual and intellectual nonentities, who through 
accident of birth, crafty opportunism, or mere blind force of circumstance 
were pitchforked into prominence. A shoddy and sorry lot they are, for 
the most part, and the fact that textbook writers have succeeded in gild- 
ing and whitewashing many of them into some semblance of respectability 
and heroism does little to improve the situation. 

Of names and events which have contributed to the intellectual ad- 
vancement of the race, to the true growth of civilization, he knows little, 
and most of that little has come from his science courses. At an age when 
hero-worship is a natural trait there are held up for his admiration chiefly 
men who have stirred up a great deal of sound and fury signifying nothing. 
If these are to be his “great men,”’ his heroes, can we wonder at it if his 
personal ambitions are trivial or worse? Clearly an antidote is indicated. 
In so far as his capacities permit he will pattern himself after the things 
and persons that he admires. It is true that we cannot make him admire 
significant figures merely by telling him about them, but it is equally 
true that he is not likely to admire men that he has never heard of nor 
qualities which he cannot associate with actual human beings. 

So much for the biographical aspects of the subject. As regards the 
effort to transmit some knowledge and appreciation of the scientific 
method to students, the fruitfulness of the historical approach is again 
evident. It is desirable that the student receive the impression that 
science is essentially ‘‘organized common sense.”” From this standpoint 
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it is much more important that he be shown how conclusions are reached on 
the basis of experimental evidence than that he memorize the conclusions, 

Too many students acquire the idea that scientific laws, theories, and 
hypotheses spring full-armed from the brains of geniuses as the result of 
some occult phenomenon which the average man never experiences. The 
disinclination of the average man to use his brain is due in part, of course, 
to sheer inertia, but it is also due in part to his suspicion that the effort 
would be futile. He simply has no notion of the technic of intellectual 
achievement and it does not occur to him that, within the limitations 
imposed by his mental equipment, he can learn to apply that technic. 
Perhaps we cannot “teach him to think,’ but we may give him some in- 
sight into how the thing is done and encourage him to suppose that the 
operation is possible for him. 

Too much emphasis has been laid upon the ‘‘hunch’’ or ‘‘revelation”’ in 
popular literature. Such phenomena are superficially spectacular and 
consequently dear to the journalistic heart. However, they tend to 
give students and other credulous people a badly distorted impression of 
the true nature of creative mental activity. An antidote is indicated. 

There are very few cases in which an elementary student should be re- 
quired to learn a law, theory, or even a fact, without being shown the 
evidence on which it rests. Few principles for which he has use depend 
upon so abstruse a line of reasoning that he cannot be given at least a 
qualitative outline. Too often the excuse that the student is not suffi- 
ciently advanced to understand such an explanation is a mere smoke- 
screen for the fact that the teacher is not sufficiently advanced to present 
it simply and clearly. 


OK, 


UFFICIENT has been said and written regarding the values of re- 

search interests for teachers to make any extended elaboration of 
that theme unnecessary. Most teachers, if they have no sounder and 
nobler incentive to research, realize that a few credit- 
able publications under their names do no harm to their 
prospects of advancement. Many recognize the fact 
that the man who has no investigational interest is all too apt to de- 
generate into a sort of animated reproducing mechanism for other men’s 
discoveries and ideas. 

The problem with most teachers is how to get started on a program 
of worth-while research. Within reasonable limits lack of time, scarcity 
of equipment, and weariness of the flesh all yield to the driving urge of 
scientific curiosity with a definite end in view. In the absence of a 
definite objective they remain insuperable obstacles. 


Research for 
Teachers 
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literature review of some limited field in which one is a 
Select, for example, a homologous series of organic compounds; collect 
all available data on one characteristic reaction or type of reactions which 
those compounds undergo. Soon one discovers that there are surprising 
gaps in the literature and that many of the facts available are not com- 
parable because of the wide variety of conditions under which they were 
determined. The feeling of dissatisfaction and irritation which arises 
on shuffling over one’s abstract cards is an indicator. There is a problem. 


CK, 


HE editorial staff desires to record an expression of the sense of be- 
reavement which it shares with a wide circle of friends and acquain- 
tances in the death of Miss M. Angela Cartwright on May 6. Miss 
Cartwright joined the JouRNAL staff in July, 1928, as Sec- 


Poe retary and in that capacity displayed rare faithfulness and 
Pains exceptional ability until ill health finally forced her resigna- 


tion in January last. 

Miss Cartwright was not a chemist and hence was known personally to 
few members of the Division. To the JouRNAL, however, she contributed 
the benefits of a sound classical education, a scholarly temperament, and 
unusual linguistic and literary attainments. She was keenly interested in 
education, particularly higher education, and was an indefatigable and 
inspiring leader in the Maryland Chapter of the Catholic Alumnae of 
America. As chairman of the Department of Education of the Maryland 
Chapter she worked ardently and effectively not only to promote educa- 
tion and intellectual activity, but to stimulate the employnient of intellec- 
tual talents and educational advantages toward altruistic and useful ends. 

As a co-worker on the editorial staff, Miss Cartwright was more than 
competent. Her intelligence and initiative, in so far as the limitations of 
her position offered scope for their exercise, were invaluable to the 
JouRNAL. It was chiefly under her guidance, in time which could be 
snatched from routine secretarial duties, that the Contemporary News 
Section developed from a rather miscellaneous compilation of local gossip 
into an interesting and valuable record of current educational and 
scientific news. Many of the biographical notes which accompanied 
frontispiece portraits were from her pen. Dignified and somewhat re- 
served by nature, she was, nevertheless, a pleasant and codéperative office 
neighbor. Great as was the loss to the organization through her resigna- 
tion, it does not equal the personal loss sustained by the surviving 
members of the staff in her death. 












Barfoot Print, Progress of Cotton, No. 7 
THE BLEACHING OF COTTON 


In the minds of those who are students of the late eighteenth century the word 
‘Industrial Revolution’ may be inextricably linked with cotton manufacture in 
England. At some time before cloth is printed, the material must be bleached. 
Cotton is usually bleached after it has been woven and is ordinarily sent to the 
bleach works in bundles. The above English print is of great interest in the first 
place because it is English and in the second place because the subject is the bleach- 
ing of cotton. 














THE IMPORTANCE OF CHEMICAL DEVELOPMENTS IN THE 
TEXTILE INDUSTRIES DURING THE INDUSTRIAL REVOLUTION* 







JoserpH H. PARK AND ESTHER GLOUBERMAN, NEw YorK UNIVERSITY, NEW York CIty 





Studies of the Industrial Revolution, in stressing mechanical attainments, 
have referred but vaguely to chemical progress. Yet any great increase of 
woven material depended for its ultimate consumption upon the development 
of chemical processes, especially in bleaching and dyeing. 

. The ground-work of the changes, which are described, was chiefly laid in the 
discoveries of the late eighteenth century. Discussion centers on the utilization 
of sulfuric acid, the alkalies, and chlorine in the textile industries and the 
consequent developments in bleaching, dyeing, calico printing, and finishing. 
















The part which chemical processes played in the Industrial Revolu- 
tion has usually received too little emphasis. Historians have ordinarily 
described the latter part of the eighteenth century as a time when human 
ingenuity and activity were particularly represented in mechanical attain- 
ments. They have acknowledged, of course, that chemical developments 
did have a great deal to do with the advances of the metal industries but 
frequently they have amassed their data in such a way as to suggest that 
textile industries depended for their expansion almost entirely upon new 
mechanisms. Mantoux (1), for instance, in the scholarly work which has 
guided a generation, spends many pages in the description of mechanical 
changes, yet discusses chemical progress with a few inadequate statements. 
To him improvements in the latter field are merely secondary. 

But it is because the Industrial Revolution was dynamic and not static 
that ‘“‘secondary improvements” must be considered. It would be difficult, 
indeed, not to find relationships in Wedgwood’s pottery productions, 
Brindley’s canals, Watt’s steam engines, Cort’s processes of puddling and 
rolling, Roebuck’s method of smelting, Hargreaves’ spinning-jenny, 
Arkwright’s water-frame, and Cartwright’s power loom. The Industrial 
Revolution apparently cannot be summed up in a simple formula (2). 
Each new mechanical invention was apt to give impulse to further chemical 
improvements in the textile trades. For, granted that machines increased 
the output of cotton tremendously, still, it can be questioned, of what use 
was the increased supply if the subsidiary processes of bleaching and dyeing 
were so slow and poor that the whole operation was appreciably retarded? 

Just as hand looms became inadequate for the demand put upon them 
once the spinning-jenny had been invented, so, in a similar manner, bleach- 
ing, dyeing, and related chemical processes, but for improvements, must 
have been incapable of meeting the most urgent requirements as soon as the 


























* The Barfoot prints used as three of the illustrations of this article are reproduced 
here through the courtesy of Mr. Francis P. Garvan, president of The Chemical Foun- 


dation, Inc. 
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textile inventions increased the output of woven goods. And any de- 
ficiency in chemical processes certainly would have had a depressing effect 
upon the sale of materials, since, after all, the appearance of a fabric 
counted a good deal then, as it does now, in the eyes of the public. Did not 
one writer report the rapidity with which the lovely calicoes took hold of 
the public, from the queen down to the lowest in service, so that it was 
difficult ‘‘for better folk to know their wives from their chambermaids” 
(3)? When Queen Caroline, early in the nineteenth century, appeared in a 
yellow carriage, yellow became the rage, and the dyer who obtained a 
reputation for a beautiful dye was assured of the sale of an unlimited 
number of yards provided he were able to fill the want within a short 
period (4). 

In short, interdependence of mechanical and chemical developments led 
a mid-nineteenth-century writer justly to remark ‘‘that almost every 
mechanical process requires the aid of chemistry in its development while 
chemistry would be nothing without the aid of the machines, the furnaces, 
and the vessels which permit the processes to be carried on” (5). Progress 
in bleaching by the use of chemical agents, in dyeing and other allied opera- 
tions, was essential to the triumph of a mechanical age and considerably 
hastened the movement of making goods cheaper and better for an omnivo- 
rous public. 

Although the nineteenth century saw great advances, especially—with 
the introduction of synthetic dyes—in dyeing, the ground-work of the 
changes which have occurred, after 1800 was chiefly laid in the discoveries 
of the last half of the eighteenth century. It is well to focus attention, 
then, on this period which had much to do with initiating the search for 
better and more expedient chemical processes, particularly for the textile 
industries. 


Chemistry Applied to the Bleaching Process 


At the very time that Hargreaves, Arkwright, and Crompton were per- 
fecting their inventions, the bedrocks of chemistry were being unearthed by 
Scheele, Priestley, Cavendish, Rutherford, and others. It is true that 
there was chemistry before this time; chemical practices had been going 
on for ages. Salts, acids, and alkalies had been known and used without 
their true natures being apprehended. But it was not until the end of the 
eighteenth century that compounds and elements were understood suffi- 
ciently to be of value in industry on a large scale. A more rapid progress 
had been retarded, perhaps, by the chimerical phlogiston theory (6) which 
confused chemistry for about one hundred fifty years before and during 
the Industrial Revolution. Its place in the scientific world may be seen 
from the words of Josiah Wedgwood, who disclosed a common enough 
feeling in writing to Priestley on October 19, 1788: ‘I cannot forbear 
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expressing my particular satisfaction to find that my old favorite, Phlogis- 
ton, is likely to be restored to its former rank in the chemical world” (7). 
The theory, however, did have one advantageous effect in making scien- 


tists study the processes of oxidation and reduction assiduously. 

Probably the most fundamental substances necessary to all the chemical 
industries are sulfuric acid, the alkalies, and chlorine. These various 
chemical groups in turn deserve discussion for they illustrate some of the 
changes in chemical procedure as related to the textile industries. In the 


words of one writer, industrial chemis- 
try was developed to deal with the new 
masses of bleaching agents and dye- 
stuffs required by these industries (8). 

Because of the valuable properties 
of sulfuric acid, and the ease and 
cheapness with which it could be 
manufactured, it became the accepted 
acid to be employed, wherever possible 
(9). It was used in the manufacture 
of sulfates, hydrochloric, and nitric 
acids, in making dyes and in bleach- 
ing. The manufacture of sulfuric acid 
by the chamber process was relatively 
cheap and simple, and soon became so 
standardized as to require no great 
knowledge or skill once the plant was 
erected and started.** The first suc- 
cessful preparation commercially, of 
the substance, was made by Joshua 
Ward near the middle of the eighteenth 
century. Glass vessels of sixty gallons’ 
capacity were employed. Later a 
chamber lined with lead was substi- 
tuted for the glass vessels by Dr. Roe- 
buck, who thus substantially intro- 





Tomlinson’s ‘‘Cyclopaedia of Useful Arts’’* 
Gass RECEIVER USED IN THE EARLY 
COMMERCIAL SULFURIC AcID PLANTS 

In his plants at Twickenham and at 
Richmond, Dr. Ward ‘“‘used large glass 
receivers containing a few pounds of 
water, and arranged in a sand-bath 
with the necks projecting, as shown 
[in the figure]. A small stoneware pot 
was placed in each receiver, supporting 
a shallow dish, into which a ladleful of 
sulphur mixed with one-eighth its 
weight of nitre was introduced. This 
being kindled by a hot iron, the necks 
of the receivers were closed with 
wooden stoppers. Combustion went 
on for some time, and the water ab- 
sorbed the acid vapours. The air in 
each receiver was then renewed, and a 
fresh charge introduced. This was 
done several times, until the water be- 
came highly acidulated. It was then 
drawn off, and concentrated by boiling 
in glass retorts. A strong acid was 
then produced, and sold at what was 
then the low rate of from 1s. 6d. to 
2s. 6d. per lb.” 


duced the cheap modern chamber process. Indeed, by the new method, 





which replaced distillation of iron sulfate, the cost was reduced from 
2s. 6d. per ounce to 2s. per pound. By the end of the eighteenth 
century many works were in operation, some of them utilizing chambers 
already exceeding 1400 cubic feet in volume. In the early years of the 


* London, 1854, Vol. IT, p. 800. 
** The process consisted in burning a mixture of sulfur and saltpeter (KNOs) in 
a ladle suspended in a large glass globe partially filled with water. The products 
resulting produced sulfuric acid by chemical reaction with the water. 
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nineteenth century various developments still further reduced the cost and 
also made possible the production of more highly concentrated sulfuric acid. 

A brief ‘statement concerning the alkali industry which was starting 
during the period of the Industrial Revolution is also essential to this 
discussion. In England the term is very frequently restricted to include 
only the various manufacturing activities having for their object the 
production of sodium hydroxide (caustic soda) and sodium carbonate 
(soda, soda ash, and washing soda) and the allied industries which use these 
elements in the manufacture of soap, glass, etc. (10). 

Until the latter part of the eighteenth century, when the chemical produc- 
tion of sodium carbonate became established, the alkalies were derived 
from nature by a method which gave insufficient returns for the rapidly 
growing needs of expanding industries. They were obtained from weeds 
which farmers, at home, burned to produce the ash, or from sea and land 
plants, as the Ash of Muscovy, or barilla, which came from the Spanish 
seacoasts (11). 

In 1752 Joseph Black first made clear the chemical difference between 
mild alkalies (carbonates) and the caustic alkalies (hydroxides). The 
caustic alkalies were regarded as elements until 1807 when Sir Humphry 
Davy isolated from them by electrolysis the metals sodium and potassium. 
Already Duhamel had recognized, in 1736, that the base of common salt 
was sodium, so that by the time Davy had made his discovery, the pressing 
need for artificially made soda naturally led to the utilization of the wide 
and plentiful common salt deposits as sources for the alkali. The impor- 
tance of the situation becomes apparent when it is remembered that the 
Leblanc* process, which was evolved about 1787, came, during the first 
quarter of the nineteenth century, more and more to be employed in 
England. Even before, as the Journal of the House of Commons for 1780 
records, Mr. Keir had a method of extracting alkali from common salt, but 
was prevented from establishing a factory because of the high salt duties. 
Thus the large-scale production of alkalies might have occurred sooner in 
England (12) had it not been for the prohibition placed upon all such at- 
tempts by these duties.** 

Chlorine, the introduction of which as a whitening agent initiated a new 
era in the bleaching industry, was discovered in 1774 by Scheele who 
described its peculiar property of destroying vegetable coloring matter. 
In its early history it was termed dephlogisticated marine acid gas owing 


* In the Leblanc process the salt was decomposed by the aid of sulfuric acid, and 
the resulting product was allowed to react with carbon and sodium sulfide. The crude 
sodium carbonate that is obtained from the process is dissolved in hot water, treated 
with Jime to obtain caustic soda (NaOH) to be used by the soap and candlemaker, or 
the solution of carbonate in water is filtered and crystallized to yield washing soda. 
as we know it. 

** Salt duties were removed in 1823. 
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to the supposition that it was produced by taking away from muriatic 
acid the hypothetical substance called phlogiston. But it was Berthollet 
who, about 1785, called the attention of the public to its value for bleaching 
purposes. He was the first to produce the hypochlorites which have since 
become practically the sole bleaching agents for vegetable fibers (13). 
Influenced by the new theories in chemistry he explained the action of the 
gas by the fact that the bleaching agent wnriee the oxygen which was 
transferred to the object ulti- 
mately to be dyed. Davy later 
showed that chlorine was an 
element and was incapable of 
altering vegetable colors and 
that its operation in bleaching 
depended entirely on its prop- 
erty of reacting with water and. 
liberating oxygen. In any case 
it was the chemist rather than 
the worker relying on rule-of- 
thumb experience who brought 
about the remarkable develop- 
ment of the bleaching process. 
Prior to the introduction of 
chlorine the procedure in bleach- 
ing was slow and tedious (14). 
The first operation was that of 
steeping, which was merely the 
immersion of the yarn in hot ie wealprpeiessc5 teh aiegt 
SINGEING CALICO, BEFORE BLEACHING 


water or a cold alkaline solution. - we = 
Long pieces of cotton were usually “singed 


When water was used, the steep- at the surface before any bleaching agents were 
ing lasted three or four days but employed. For the purpose the curious kind of 
furnace depicted was used. A surface of cop- 


with the alkaline lyes forty-eight per, heated by flames, was so placed that the 
. strip of cotton might be drawn over it two or 
hours were sufficient. The goods three times. The light hairy filaments were 


were then washed and boiled in _ by this process singed off from the surface of the 
alkaline solution for four or Cotton which was then passed round a wet roller 
in order to be cooled. 

five hours, washed, and exposed 

on the grass for two or three weeks, again boiled or bucked, washed, 
and crofted (technical term for exposing on the grass). These alternate 
operations of bucking, washing, and crofting were generally repeated four or 
five times, with a reduction, on each subsequent occasion, in the strength 
of the alkaline solution in which the bucking was performed. The next 
process was that of souring, which, until the middle of the eighteenth 
century, consisted in steeping the goods for several weeks in soured butter- 


milk. The operation was shortened to twelve hours by Dr. Francis Home 
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of Edinburgh who advocated the use of aqueous sulfuric acid (vitriol) 
instead of buttermilk. In consequence of his discovery a large part of the 
English cotton and linen cloth previously sent abroad, principally to 
Holland, was now bleached at home. The use of sulfuric acid in the bleach- 
ing industry was made possible, of course, by the cheapness with which it 
could be prepared by the chamber process. 

After the first souring, the operations of boiling, washing, souring, and 
crofting were repeated in regular rotation until the yarn or goods emerged 
perfectly clear. The number of times these operations were repeated 
varied according to the quality of the goods; linen was seldom finished in 
less than six months, cotton goods varied from six weeks to three months 
(15). Thus, to reiterate the point previously made, of what use were 
the mechanical inventions which increased the output of cotton and linen 
if the subsequent processes required months for completion? 

As a result of Home’s method which enabled goods to be bleached at 
home, bleachfields were early established in Scotland, Ireland, and in the 
northern part of England. At a later period, Lancashire in particular 
became famous for its bleaching grounds. One of the reasons for the 
establishment of the printing business in that part of the country was the 
cheapness of the rent for these grounds (16). Bleach greens played such a 
part, indeed, in local developments that they were protected by law from 
thieves; the stealing of cloth therefrom was a capital offence, and as late as 
1786 a man was executed at Bolton for stealing thirty yards of material (17) 
valued at 2s. 

As a result of Home’s teachings the bleachers themselves found cause to 
be interested in the application of chemistry to their craft and thus were in 
part instrumental in the tremendous chemical advances which took place 
at the end of the century. In 1756 Home commented: 

I know no trade so entirely the object of chymistry as bleaching, 
and none that has been so little considered in that light....I find 
the most skilful bleachers understand the general theory of their art 
tolerably well, but being ignorant of the principles of chymistry, cannot 
make the proper use of this theory or apply their knowledge to the 
advancement of their art. They know that alkaline salts dissolve 
oils, and that a fermentation is carried on by steeping, bucking, and 
souring; but chymistry can alone teach them, that by certain methods 
fermentation may either be quickened, and a great deal of time saved; 
or be checked and much time lost; nay, perhaps not the effect pro- 
duced (18). } 
Inquiry and experimentation, he promised, must lead to great rewards. 

Little more than half a century later an American professor, in similar vein, 
was advising the young lad who wished to become a dyer to obtain ‘‘a good 
knowledge of the elements of chemistry; for it is a farce to talk of a dyer 
who is ignorant of chemical science” (19). 
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Although lime had been employed in very early times for bleaching, 
questions arose concerning it, because of its supposed injury to materials, 
An Act of Parliament under Queen Anne prohibited its use. The bleachers 
made many efforts to have the law repealed but failed. In 1770, Dr. 
James Ferguson of Belfast was awarded £300 for his application of lime for 
bleaching purposes but no immediate results came from his experiments 
(20). Yet practical considerations more and more tended to overcome, 
during the latter eighteenth and early nineteenth centuries, the prejudices 
against its utilization. 

That improvements in bleaching were considered necessary is shown in 
the patents which were taken out during the eighteenth century. One of 
the processes applied for in 1777 introduced a method of bleaching by the 
use of tartar, saltpeter, and pearl ashes (21). 

The advances that were made in the bleaching methods applied chiefly 
to cotton and linen since in wool and silk bleaching was easier (22), only 
requiring the fumes of sulfuric acid. Therefore it is significant that the 
remarkable improvements made in bleaching occurred simultaneously with 
the increased production of cotton and linen fabrics. 


Bleaching Becomes a Chemical Industry 


Practical application of chemical discoveries seems in part to be due to 
James Watt who was probably responsible for the erection of the first 





WoRKSHOP FOR ALKALINE TREATMENT OF YARN (top)* 


Tanks in which the salts are extracted from soda and ashes. 
Receiving tanks for the lixivium obtained in D, E, F. 
Final extraction tanks. 
Iron caldron containing water, under which there is a furnace. The hot 
water is allowed to run into B to aid in the final extraction process. 
Tank into which the lixivium, after it has become clear, passes from B. 
Caldrons into which the cleared lixivium from C passes. 
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Openings of the furnaces which heat the caldrons, P, Q, R, S. 

Tubs in which the linen cloth to be bleached is placed. The lixivium 
from the caldrons P, Q, R, S is poured over the cloth, and the liquor 
returns to its original container through the pipes X. 


BLEACHING FIELDs (center) 


athrough A meadow on which the cloth, after the alkaline treatment, is spread out. 
The meadow is cut into sections of ten by ten toises (one toise = 
6.39459 ft.) by canals into which is diverted water from the river, which 
fills them and which serves to wet the spread out cloth. 


THE SCRUBBER (bottom) 


4G Tubs or trays for soaping the selvages. 
D,D,E,E Work bench. 

PO Om ¢ Small tubs for the trays. 

F,F Bowls which hold the soap. 

G,G Stands for the bowls. 

Fig. 1 A frame on which the cloth is placed to drip. 


* Descriptive caption for illustration on the opposite page. 
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erot and D’ Alembert’s ‘Encyclopédie, ou Dictionnaire des Sciences, des Arts et des Métiers”’ 
THE BLEACHING OF LINEN CLOTH 


This plate shows several workshops, detailed descriptions of which may be found at the 
bottom of the opposite page. 
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English bleaching works to use chlorine. Learning from a visit to Berthol- 
let the results of the latter’s experiments in bleaching, he introduced (23) 
the new method* into the works of his father-in-law, Mr. Macgregor, at 
Glasgow, and by 1788 supervised the whitening of as many as 1500 yards 
of cloth at one time (24). In the latter year, Thomas Henry, of Man- 
chester, also exhibited specimens of calico bleached by gas. 

The first method of using chlorine was to saturate cold water with the 
gas. The goods were immersed in this water, after which the solution was 
heated to set free the chlorine so that it could act on the coloring matter. 
But the goods were impaired by this course and the fumes were obnoxious 
to the workmen. In fact, the great obstacle to the use of chlorine was the 
injurious nature of the fumes. Various contrivances to overcome this 
difficulty were tried without success, until it was discovered that alkalies 
not only absorb a greater quantity of chlorine than water, but that they 
hold it with greater “‘affinity,” through chemical combination, not allowing 
the gas to escape and affect the atmosphere. A process, based on this 
discovery, worked efficiently and did not destroy the bleaching powers of 
the chlorine (25). 

One of the means devised to absorb the gas used potash (potassium 
carbonate). Berthollet invented this method and called the solution 
“Eau de Javelle.’”’ The expense of potash, however, was great, so that it 
was little used. The method of Charles Tennant of Glasgow was cheaper 
and even more effective. In 1798, he patented a process describing the use 
of lime (calcium hydroxide), or strontia and baryta, instead of alkalies 
(carbonates) for neutralizing the bleaching acid, when kept in a state of 
suspension in water (26). The interaction of the calcium hydroxide with 
the chlorine produced a chloride of lime which was called ‘‘bleaching 
liquor.”’ In his 1799 patent, Tennant described the absorption of chlorine 
by calcareous earths, etc., from which he was able to obtain a dry, powdery 
substance (27). This was called “bleaching powder.’’ In this patent, 
Tennant also remarked that until the discovery of his powder, the ashes 
then used were a great expense to the bleacher. Another advantage of the 
powder was that it could bleach linen. Because of these patents, Tennant 
was drawn into a losing law-suit. Slater, Varley, and others employed the 
process without license or the consent of Tennant. But the opposing 
counsel was able to prove that lime had been previously used in the indus- 
try, and thus destroyed Tennant’s claim to his own invention. 

One of the most important advantages derived from the use of chlorine 
was that it enabled the cotton manufacturer to bring his goods from the 
bleaching grounds to the market in one-third of the time previously neces- 
sary. Also he could now carry on his business at all times of the year 

* Professor Copland, of Aberdeen, gave information on the use of chlorine to a 
Scotch bleacher a few months later than the Watt experiment. 
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without having to accumulate stock for the winter or else remain idle for 
that season. Moreover, the general use of the shorter process released for 
agriculture most of the land that was previously used for crofting. 

Another advantage attendant upon this shorter method was that the 
loss of weight was now less than it had been because in the old process, 
besides the resinous matter of the fiber, some of the fiber substance itself 
had been removed by the prolonged treatment (28). 

In the new manner of bleaching, the steps performed to bring out the 
purest whites consisted in steeping, which meant soaking in weak alkaline 
lye; then boiling or bucking with potash. This last action was intended 
to remove any grease or impurity attached to the fabric that might endanger 
the evenness and uniformity of the colors (29). Then the goods were 
washed and the bleaching liquor applied. Finally the goods were “‘soured”’ 
with sulfuric acid. Besides removing stains, ‘‘souring’”’ had the effect of 
neutralizing any of the potash which remained. The last step was the 
boiling of the bleached goods in pearl ash and white soap to remove the 
disagreeable odors. In the bleaching of linen, ‘‘grassing’’ was still per- 
formed to remove the yellow tinge made by the bleaching liquor, but the 
time of grassing was much shorter than ever before. For cotton bleaching, 
no crofting or grassing was necessary at all. The use of the alkalies and 
acids aided in removing all traces of chlorine which, if left, would rot the 
fabric. After each of these operations thorough washings were given the 
goods to remove the acids. 

By 1823, as a contemporary note, Tennant’s bleaching liquor was the 
agent generally employed in bleaching (30). ‘‘The sight of pieces of stuff 
spread out in the open air for months together, and, if looked at from a 
distance, glittering in the sun like ponds, round all weaving villages, now 
vanished forever” (31). 

Chlorine was also applied to the rags used in making paper in order to 
bleach them, for in 1792 a patent was taken out by Hector Campbell for 
such a purpose (32). 

At first, bleaching was so closely connected with calico printing that it 
may be said that all calico printers were bleachers (33). Later, however, 
calico printing and bleaching became distinct trades, probably because of 
the elevation of bleaching to a commercial plane.* Calico printers either 
purchased bleached goods for printing on their own account or received 
goods from customers, charging them so much per yard according to the 
number of colors used in the printing. The work of Professor Unwin on 
the Oldknows shows that the new process of bleaching was so profitable 
that an aggressive manufacturer might plan to enlarge his plant to include 
bleaching (34). And Mr. S. H. Higgins, relying on manuscript materials, 

* Professor Cooper in 1815 thought that no printer was finding it advantageous 
to bleach his own calicoes. 
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has recently described the rapid development of early English bleach 
works and the utilization of chlorine on the part of some leading firms (35). 

The effect of proper bleaching was reflected from another angle by John 
Aikin in his work published in 1795. He said: ‘‘Cotton thicksets were well 
manufactured; but these waited the present methods of dressing, bleaching 
dyeing, and finishing to give them the general perfection they have now 
obtained” (36). 

An interesting anecdote, also showing the influence of chemical advance 
upon industry, relates that Robert Owen in 1790 rejected the longest and 
finest of cotton fibers, the Sea Island cotton, until a Glasgow spinner 
proved its purity by bleaching (37). 

In toto the improvements which have been discussed had the unusual and 
expeditious effect of helping to bring bleaching to such a pitch of perfection 
that very little was added for the next hundred years (38). 

Changes in subsidiary processes also were not unimportant as a survey 
of the patents applied for during this period reveals. Patents were taken 
out introducing ways of recovering the alkalies from the alkaline lyes 
subsequent to the bleaching (39). New methods were patented (40) 
for making soap as well as for re-using the soap suds used in scouring, 
cleansing, and discharging (41). Subsidiary improvements also aimed at 
the reduction of time for various operations and at the utilization of by- 
products to lower costs. And, of course, the development of the chemical 
process in bleaching led to the introduction of suitable machinery to sup- 
plant manual labor. 

The Chemist and the Dyer 

After goods are bleached, they are ready, except for certain preparatory 

processes performed by the calico printer (singeing, boiling, souring, etc.), 





THE WORKSHOP OF THE DyErRS* 


a,a Large boilers for washing. 

b, b, 6 Faucets to convey water from the cisterns to the boilers. 

6.6 Cloth bags to strain the water from the cistern; these bags are attached to the 
faucets. 

d A large table on which the workmen climb to agitate the cloths in order to wash 
them. 

e Chimney of the furnaces which heat the boilers. 

f Reel on which the cloth is turned in order to dye it. 

g Door for communication to the river. 

h The chain of the pump for drawing water from the cistern to put it into the 
reservoir and distribute it to the boilers. 

t Small reservoir which serves to receive the water from the chain pump in order 
to deliver it afterward into the large reservoir. 

l Part of the large reservoir which may be seen through the door. 

m Two workmen occupied in agitating with scrubbing poles the cloth being washed 


in the boiler. This kind of washing is ordinarily done in the river; but when 
the water is dirty, it is done in the workshop with water from the reservoir. 
Washed cloth or cloth to be washed on trestles. 
Dyers busy turning the cloth in the caldron for dyeing it. 
Workman bringing cloth to the dye room. 


* Descriptive caption for illustration on the opposite page. 
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to be dyed (42). The advances made in dyeing during the eighteenth 
century aided in producing fabrics printed in colors that not only gave 
greater brilliancy and more beautiful effects but also greater permanency, 
Inevitably the demand for textiles grew as the dyes were made more nearly 
perfect, just as today the sales of all sorts of items, such as houseware, 
automobiles, and kitchen utensils have probably increased in part because 
of the color which has been applied to all these objects. 

The chemistry of dyeing and calico printing is far more complex than is 
commonly supposed. As a popular mid-nineteenth century writer ex- 
plained (43), there are no less than six different kinds of effects to be ob- 
tained on cotton goods by chemical means before the dyeing and printing 
may be fully attained. One is the cleaning, the removal of all extraneous 
matter from the filaments (bleaching); another is the imparting of an 
actual tint to the cloth; a third is the fixing of the dye upon the cloth 
through the medium of a mordant; a fourth is the discharging or the 
removal of color from particular parts of cloth by chemicals subsequently 
applied; a fifth is the protecting of the cloth from the action of particular 
colors at particular spots by preparations called ‘‘resists’’; and lastly there 
is the brightening or enhancing of the beauty of colors by the application 
of certain chemicals. Now every one of these six effects has its own 
particular group of agents; its own range of chemical substances suited to 
produce each result; its own particular relation with the chemistry of 
colors. And it is scarcely too much to say that almost every discovery in 
chemistry is employed by each of the six effects. 

The various chemical substances used in these processes are manifold (44) 
and the need for any one stimulates, as is apparent, the production of others. 


Sulfur assists in the preparation of bleaching materials and is the source - 


from which sulfuric acid is obtained. The latter is, of course, one of the 
means for obtaining chlorine, hydrochloric acid and soda, all of which are 
used in dyeing and calico printing. There is common salt which is a 
storehouse of the last three substances. There is nitric acid which acts 
upon various substances that will not yield to less energetic acids. The 
metals, copper, iron, lead, in the state of oxides or salts, are valuable for 
dyeing. Sulfuric acid is essential in the preparation of alum (a mordant); 
and iron in the preparation of Prussian blue. Such compilations make 
it patent to what extent chemistry enters into dyeing. 

An English dyeing industry may properly be spoken of in the seventeenth 
century. The immigration of Dutch workers and merchants to England 
had stimulated a development for which Englishmen had felt keenly a need 
(45). Kephler, a Dutchman, brought into England the knowledge of the 
fine scarlet dye called the bow-dye (46). London and Coventry became noted 
as dyeing and finishing centers and ‘‘Coventry true blue’’ became a classic 
among colors (47). The dyeing industry also developed rapidly in the North. 
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After the middle of the century, the newly founded Royal Society had 
made an early scientific attempt to advance the art of dyeing in England by 
publishing a paper of Sir William Petty which described the history of the 
common dyeing practices. In 1663, Robert Boyle, famous for his studies 
in physics and chemistry, wrote for the Society his ‘‘Experiments and 
Considerations Touching Colors.” These inchoate endeavors helped to 
pierce the ancient prejudices and secrecies surrounding the dyer’s art. 

Numerous theories were now brought forward with the object of ex- 
plaining the phenomena observed in dyeing. The majority of these as- 
sumed that dyeing was either due to a mechanical absorption of the particle 
of the coloring matter by the fiber, the 
so-called mechanical theory, or due to 
a chemical combination of the coloring 
matter with the fiber, the so-called 
chemical theory (48). In the eight- 
eenth century, Hellot and Le Pileur 
were advocates of the mechanical 
theory of dyeing, Bancroft, whose 
work will be described in more detail 
later, advocated the chemical theory 
(49). Even today, chemists are not 
agreed upon one theory for the explana- 
tion of the nature of the dyeing proc- 
ess. Some still hold to the mechani- 
cal theory though most chemists, it is 





true, lean more toward the chemical Pictorial Gallery of Arts 
theory as a suitable explanation of the |§ ANNATO Usep ror DyEING YELLOw 
relation between dyes and fibers. Annato, a substance obtained from a 


plant called dixa orellana, was em- 
No matter what theory appealed to ployed by the dyer to impart a deep 


the dyer, he himself was obliged to orange tint to silk and cotton; the 
inh iets sniteneite  elilieliee dae silk dye is rich and brilliant but not 
p p very permanent. 

his dyes with but few exceptions, some 

of which will be mentioned later. The development of American resources 
for commercial enterprises formed an era in the history of dyeing, as a 
variety of new dyestuffs was introduced, such as logwood and cochineal (50). 
As a result of this American development, the old feeling against the use of 
foreign dyewoods gradually disappeared, although in 1727 an act was 
passed prohibiting the use of wood dyes, such as logwood, in England (51). 
Bancroft did much to popularize the new dyes which were discovered in 
America, and thus helped to remove old English prejudices. In 1775 and 
1786 he took out patents introducing quercitron, annato, and brazil wood 
(52). Parliament recognized his discoveries by granting him the exclusive 
sales of these products in England and Wales for fourteen years (53). 


EASE SET 
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MacPherson recording this in his ‘‘Annals of Commerce’ comments that 
‘‘such discoveries are of great consequences tocommerce. The superiority 
of a color is sufficient to secure an extensive sale to the goods dyed or 
printed with it’ (54). Elsewhere he remarks that ‘‘the art of fixing beauti- 
ful and durable colors is of more importance to the prosperity of our 
manufactures than can easily be conceived” (55). 

One of the dyes mentioned above which was not one of the so-called 
natural dyestuffs was the dye called Prussian blue (56). Diesbach, a 
German chemist, accidentally obtained the blue coloration in 1704 while 
precipitating a cochineal infusion, containing among other substances alum 
and ferrous sulfate, with an alkali. In 1710 a blue thus produced was sold 
as Prussian blue. At first the conditions of manufacture were kept secret 
so that the outside investigators thought that the product could only be 
obtained from dried blood. But in 1752 Macquer showed that upon the 
decomposition of the blue a ferric salt and an alkaline ferrocyanide were 
obtained. These were substances in the mixture with which Diesbach had 
been experimenting. The secret of the formula became known and by 1770 
the Bramwell Company of New Castle was manufacturing and selling 
Prussian blue in England. From this start, the industry may be said 
to date. This was one of the dyes which was obtained from mineral 
sources. 

Another of the dyes brought forward during the eighteenth century, 
which was not obtained from natural sources, was picric acid. Picric acid 
gives a yellow coloration. In 1771, Wolff, a German chemist, treating 
indigo with nitric acid, obtained this yellow dye. 

Attempts were also made in the eighteenth century to produce the dye- 
stuffsat home. As late as 1726 Defoe mentions in an account of the foreign 
materials used by the manufacturers of England that all dyestuffs were 
imported (57). In 1748, Spence, Dolby, and Weguelin obtained a patent 
for dyeing green and blue Saxon colors which had always been sent from 
abroad (58). The application of Saxon blue or indigo extract to fabrics 
was first made in 1740 by Counselor Barth Groffenhayn of Saxony. In 
1758 a committee was appointed by the House of Commons to consider the 
importation and growth of madder in the Kingdom (59). All the witnesses 
who appeared, including calico printers and druggists, reported that two 
hundred fifty tons of madder were used by calico printers within a few miles 
of London and that the madder from Holland was frequently adulterated. 
It was resolved therefore to encourage the growth of an industry which 
would not only save a large sum of money paid in duties but also employ a 
great number of families during the winter months. Appreciable results 
seem hardly to have come from the resolution, however, since an account of 
the amount of madder imported in 1799 pointed to an increase over the 
average for the five years preceding 1776 (60). 
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Diderot and D’ Alembert’s ‘‘Encyclopédie, ou Dictionnaire des Sciences, des Arts et des Métiers’”’ 
UsING THE REEL AND WASHING IN THE RIVER AT THE DYE WORKS OF THE GOBELINS 


In Fig. 1 (top) the cloth, well spread out, has been placed on the reel (a). A work- 
man (c) then turns the reel and causes the cloth to be immersed on one side and with- 
drawn on the other, while four workmen (d) are occupied in agitating it with the stirring 
poles in order to make it take the dye evenly. 

In Fig. 2 (bottom) the cloth is being washed in the river, which practice is followed 


when the water is clean. 
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But success was obtained by the introduction of a dye called cudbear, 
This was discovered by Mr. Cuthbert Gordon in 1758, when he took out a 
patent (61). Gordon claimed that this dye would be a substitute for indigo 
and cochineal mixtures and that it was obtainable in the environs of 
Scotland. The patent optimistically promised that the new article would 
save one-third of the indigo and one-fourth of the cochineal used. As 
happens, however, with the introduction of new productions, there were 
age-old prejudices to be overcome and also obstacles planted in the way by 
traders in the articles to be superseded by this new discovery. Although 
Gordon’s original company failed, a new Glasgow company managed to be 
successful at a time when the use of cudbear became more general (62). 

In 1763 a patent was taken out for the manufacture of orchil from rock or 
stone moss grown in Great Britain (63), and in 1765 the London Society of 
Arts (64) gave a premium of 
£100 to Mr. Spurrit of Isle- 
worth for his method of dyeing 
cotton yarn to a durable Tur- 
key red* (65). It is interest- 
ing to note that the Society 
of Arts, which was founded 
in 1754, gave marked impetus 


to the dyeing industry by its 
policy of offering prizes and 
premiums (66). 

In 1773 Parliament pre- 
sented £2000 toa Mr. Williams or lichen. By producing a powder from the 


Pictorial Gallery of Arts 
OrcHIL USED FOR DYEING VIOLET 


Orchil is a very beautiful violet dye prepared 
from a plant called rocella tinctoria, a white moss 


as a reward for making public Plant and adding soda and other ingredients, a 
paste was made which ultimately was dried and 


his discovery of durable green _ powdered. 
and yellow colors for dyeing 
cotton (67) and in 1779 it granted Clark and Berkenhout of Leeds £5000 
for their perfecting of scarlets and crimsons as applied to cotton (68). 
Cotton, owing to small attraction for coloring matter, still presented diffi- 
* D’Ambournay, a botanist of Paris, discovered a dyestuff which produced the 
same effect. Thus the discoveries of the Borells, Wilson, and others, were anticipated. 
The art of dyeing Turkey red is sometimes said to have been introduced around 1785 
by Charles McIntosh or MacKintosh, who had obtained the secret from an artist in 
Rouen, France. On the other hand, the Messrs. Borells received a premium of £2500 
from Parliament as introducers of the art. More recently the manufacture of Turkey 
red has been attributed to Pierre Jacques Papillon, the Frenchman in the employ of 
McIntosh. One writer mentions the Borells as introducers of the art of dyeing Turkey 
red but says that they were not so successful as McIntosh. Aikin claims that John 
Wilson acquired the secret of dyeing Turkey red from the Greek dyers of Smyrna. 
At any rate the fact that so many claimed the honor of introducing this color proves 
that it must have been a very fine color. The calicoes printed in England with Turkish 
red had a wide vogue and were technically known as ‘‘Londrindiana.”’ 
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Diderot and D’Alembert’s “‘Encyclopédie, ou Dictionnaire des Sciences, des Arts et des Métiers” 


INTERIOR OF THE WORK SHOP FOR DYEING COLORED WOOLS AND SILKS AT THE DYE 
WORKS OF THE GOBELINS 
In the upper portion of this picture the operations of dyeing and drying the dyed yarn 
are shown. In the lower portion, # represents a roll of paper on which are wound sepa- 
rately samples of wool and silk which serve as a guide to the dyers of the yarn; 7, the 
+ ll in which are placed the ingredients for the dyeing; and /, a copper bucket for 
yeing 
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Diderot and D’Alembert's “Encyclopédie, ou Dicti ire des Sciences, 
des Arts et des Métiers”’ 


WORKSHOP AND VARIOUS OPERATIONS FOR THE DYEING OF SILKS AT A RIVER Dye 
Works 


In this workshop scene are depicted the usual furnaces, boilers, and other implements. 
One workman, ¢, is preparing dye wood; another, v, is carrying silks to the river in order 
to wash them. Of the utensils, ” is a pail for transferring dye from one container to 
another and p a bucket for drawing water from the river. 


culties to the manufacturers after the dyeing of woolen and silken goods 
had long since attained a considerable degree of excellence. 

The more modern chemistry was, indeed, of inestimable value to the 
dyer. After the discovery of oxygen the importance of the absorption of 
oxygen in the changes which took place in the colors was recognized.* 
Experiments on the practical side of dyeing were made during this period 
by Bancroft and Thomas Henry. In Bancroft’s ‘“Experimental Researches 
concerning the Philosophy of Permanent Colours and the Best Means of 
Producing Them by Dyeing, Calico Printing,” which is one of the best 
works produced in the eighteenth century on dyeing, the terms of the ‘‘New 
Chemical Nomenclature’”’ were adopted and explained. Bancroft divided 
coloring substances into two distinct classes, one which required no base or 


* Bancroft points out that the blue color of indigo depended upon a certain 
portion of oxygen. He explains that indigo, which is a very difficult substance to dis- 
solve, must first be deprived of a portion of its oxygen by the attractions of vegetable 
and animal ferments, and then dissolved either by lime or by some alkali. 
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Barfoot Print, Progress of Cotton, No. 11 
DYEING 


By the designer of this English print, dyeing is listed as one of the interesting 
processes in cotton. This essay in part of its content emphasizes the importance of 
the topic. The picture in comparison with the dyeing scene from Diderot’s ‘‘Encyclo- 
pédie’’ represents a degree of mechanical progress. 


mordant to fix the color—called substantive coloring matter—and the other 
whose durability depended chiefly upon the interposition of some base, 
which for that reason he called adjective coloring matter. Thus the sub- 
stantive color was capable in itself of producing a permanent dye, such as the 
juice of buccinum used by the ancients for producing the imperial purple; 
such as the woad and indigo and the metallic salt solutions, particularly 
those of iron (69). The adjective colors were those which were incapable of 
giving permanent dyes without the aid of a mordant to form a bond or 
union, as it were, between the colors and the substances intended to be 
dyed. Bancroft’s classification has remained in general use (70). 

Since the whole of the calico-printing business depended upon the proper 
application of mordants, it can readily be seen why an explanation of their 
nature and uses would be most necessary (71). With the exception of the 
French, Bancroft, who had read the French works on dyeing, recognized 
more than any other chemist of the period the importance of having a 
first-hand knowledge of the chemical reactions of mordants and he therefore 
devotes many pages in his book to an analysis of their effects. 
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In England, Henry of Manchester also seemed to have possessed 
advanced conceptions of the nature and use of alum, which was the chief 
mordant in use in his day, and of different metallic solutions as mordants in 
dyeing. His essays were published in the Memoirs of the Literary and 
Philosophical Society of Manchester. There is also in these Memoirs an 
article* by him on the nature of wool, silk, and cotton as objects of the art 
of dyeing (72). 

Thus the work of Bancroft and also Henry did much to improve the 
practice of dyeing, supplying 
the dyers with detailed ac- 
counts of the various actions 
of the dyestuffs and reagents 
used in bringing about certain 
reactions. Although the 
storehouse of the dyers was 
enlarged in the nineteenth 
century with the introduction 
of artificial dyes, it can be 
said without exaggeration 
that the dyer’s art, which to- 
day rests upon the founda- 
tion of the science of chem- 
istry instead of the old secret 
methods handed down from 
father to son, dates from this 
period when mechanical in- 

Pictorial Gallery of Arts ventions began to turn out 
WRINGING OuT YARN AFTER DYEING fabrics with great rapidity 


In this picture is seen a very simple mode of and when the processes of 


wringing out yarn after it has been dyed. Later in bleaching were so improved 
the nineteenth century frequently more compli- R 
cated instruments for this purpose were employed. @S to cope with this great 


turnover> As Bancroft says, 
refuting those writers who believed that the ancients had a knowledge of 
chemistry but that the art had been lost, 


There is no good reason to believe that chymistry ever had made 
any such progress among the ancients, or that they ever were so much 
engaged in the pursuit of knowledge by Experiment, as would have 
been necessary for the acquisition of but a moderate portion of chymi- 
cal science. Even the operations of callico printing, as practised by 
the people of India, and which above all others have been considered 


* Others as well as Henry communicated to the society, both in preceding and suc- 
ceeding volumes, valuable chemical information especially upon subjects related to 
dyeing. 
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as the result of an improved state of chymistry, are, in many re- 
spects, highly inconvenient, and encumbered with useless parts, 
which a little chymical knowledge would have taught them to re- 


ject (73). 


To come now to a more specific account of calico printing which 
developed into a considerable art by the end of the eighteenth century, 
discussion may be focused on the significant changes which chemistry 
produced in stamping designs 
on textiles. As MacPherson 
notes, ‘‘the ingenuity of the 
calico-printers. . . . kept pace 
with the ingenuity of the 
weavers and others concerned 
in the preceding stages of the 
manufacture, and produced pat- 
terns of printed goods, which 
for elegance of drawing exceed 
everything that ever was im- 
ported, and for durability of 
color generally stand the washing 
so well as to appear fresh and 
new every time they are washed 
and give an air of neatness and 
cleanliness to the wearer beyond 
the elegance of silk’ (74). 












































Before the end of the eight- 
eenth century, a calico printer 
required many weeks to pro- 
duce a printed cotton with some 
colors, such as a scarlet pat- 
tern on a black ground or a 
brown ground with orange fig- 
ures (75). But by means of 









Pictorial Gallery of Arts 


CaLico PRINTING BY THE BLOCK 


Of several different modes of imparting 
colored devices to the surface of woven cloth, 
block printing was the earliest and most simple. 
On the lower surface of a flat wooden block is 
contained a device which, wetted with liquid 
colors, transfers to the cloth on which it is 
pressed a colored design. When a new color 
or an additional design is to be added to the 





first design on the cloth, an extra block must be 
appropriated for the purpose. 





chemical preparations the 
whole of the work was reduced 
toa few days. The great variety of shades and effects produced on printed 
calicoes and the various fastness requirements demanded that different 
methods and classes of coloring matters should be used in their production. 
According to the old practice, the mordant was first applied to those parts 
of the cloth which were intended to be black or brown. Then a lapse of 
time was necessary before the cloth could be dyed; afterward it was ex- 
posed on a bleach-ground to bleach those places which had not been acted 
upon by the mordant. A different mordant was then applied; and it was 
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then necessary to pass the whole piece through the dyeing copper a second 
time in order to give the desired color to those parts and to finish the 
pattern (76). Such a process required careful work and took a long time. 

This method was radically changed by the invention of the “discharge” 
method of printing which shortened the process considerably. The patent 
of discharge printing on colored grounds was brought out by William 
Gillespie, a calico printer of Glasgow in 1799 (77). All the effects were now 
produced by dyeing the cloth a self color in the first instance (that is the 
entire cloth was dyed of one uniform color), and afterward merely printing 
the pattern with a chemical preparation which ‘‘discharged’’ a part of the 
original dye and left a new color in its place. Thus a brown was changed 
into an orange. In place of two actual dyeing operations, one only was 
necessary for a simple two-color scheme. The time element and labor 
involved were also reduced when the bleach- 
ing process necessary by the old means 
was done away with. 

Another method invented in calico print- 
ing which improved the processes was the 
so-called “‘resist’’ method, discovered by a 
commercial traveler of London, who sold 
his invention to the first Sir Robert Peel for 
an inconsiderable sum (78). The process 
consisted in printing cloth with a kind of 
paste and then dyeing it. Drying showed 

Pictorial Gallery of Arts that the paste had resisted the coloring 

SIR ee PEEL, THE FAMOUS matter and the place where the paste had 

NGLISH CALICO PRINTER ; : f 

been applied was left a pure white. This 

method is the reverse of the discharge method described above; the ex- 
perience of a year or two seems to have made it practically useful. 

In consequence of these improvements, which are in use even today (79), 
rich chintz patterns, which formerly required more than two years to 
complete, were finished in a few weeks, These methods or ‘‘styles’’ also 
gave to the Peels an opportunity of imitating very beautifully the Indian 
patterns which were at the time very much admired and placed their 
establishment at the head of all the factories for calico printing in the 
country, for it enabled them to produce goods, excellent in every respect, 
both for precision of outline and fastness of color. Sir Robert Peel ‘‘was to 
calico printing what Arkwright was to cotton-spinning, and his success was 
equally great’ (80). 

For the application of these methods it was necessary first that the 
materials, such as the various pastes, gums (81), mordants, particularly 
alum (82), and the reagents used in the processes be perfected. The 
patents taken out during the last half of the eighteenth century showed 
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Barfoot Print, Progress of Cotton, No. 12 
PRINTING 


To Edward Baines, author of the celebrated “History of the Cotton Manufacture’ 
(London, 1835), cylinder printing “bears nearly the same relation in point of despatch 
to block printing by hand, as mule spinning bears to spinning by the one-thread wheel.” 
It is interesting to contrast this English print with the picture of block printing shown 


on page 1165. 


that steps were employed to improve these materials and to furnish them by 
cheaper and shorter manufacturing operations. The tremendous develop- 
ment of the sulfuric acid and alkali industries coincided with these improved 
methods in printing. 

Concomitant with the new chemical methods in calico printing occurred 
developments in machinery. Dyes and mordants were first applied 
manually by means of wooden blocks. In 1770 Bell invented the engraved 
or color-plate printing. Roller or cylinder printing was begun in 1785 (83). 
The cylinder enabled greater quantities of goods to be printed than ever 
before. But, as has been shown, developments in chemistry were also 
needed to improve the quality of the designs and to shorten the time 
consumed in applying the dyestuffs and reagents. The introduction of 
steam as a motive power and also as a means of heating the various dye 
liquors also enabled larger quantities of goods to be produced; the possi- 
bility of increased consumption brought into existence the great dye firms 


(84). 
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Following the dyeing processes, there comes the finishing which is mostly 
done by mechanical means (85). The goods are stretched, stiffened, and 
calendered to give them a gloss. In the stiffening operation, however, 
preparations, such as starches and clays, are introduced to make the cloth 
less limp to the touch. In the eighteenth century, the various improve- 
ments in making gums and starches materially assisted in the finishing. 
Another process (86) which was applied mostly to woolens was the shrink- 
ing or felting of the goods. For this operation use was made of soap, whose 
manufacture by the growth of the alkali industries was greatly improved, 
oat meal, fuller’s earth, clay, etc. However, the greatest improvements in 
these finishing processes were made in the mechanical field and the discus- 
sion of mechanisms is outside the pale of an article the purpose of which is 
to treat of chemical advances during an age noteworthy in the world’s his- 
tory for its effects upon the environment of mankind. 
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THE RELATION OF CELLULOSE TO LIGNIN IN WOOD* 


K. FREUDENBERG, CHEMISCHES INSTITUT DER UNIVERSITAT, HEIDELBERG, GERMANY 


The study of chemical characteristics, supplemented by microscopic investi- 
gation with ordinary and polarized light and by X-ray analysis, furnishes the 
basis for a wood-fiber model depicting the cellulose as forming homogeneous 
micelle series or fibrils about 600 A. U. thick, imbedded in but not chemically 


combined with lignin. 


The logical object of the investigation of wood is to find out how wood is 
built up, starting with the glucose molecule and finishing with the natural 
material itself. We shall attempt to do this in the following discussion and 
as a representative example shall consider spruce wood. 

The only constituents of wood which have definitive physical structures 
and which are therefore suited for morphological investigation are cellulose 
and lignin. We must therefore develop their chemical and morphological 
structures, so far as it is necessary for our present purpose. 


The Chemical Constitution of Cellulose 


Cellobiose, which was discovered by Franchimont and the constitution 
of which was elucidated by Haworth, is the starting point for the determina- 
tion of the constitution of this polysaccharide. We shall omit all indirect 
evidence, such as the examinations and rejection of unsatisfactory concepts, 
the descriptive X-ray pictures, which are not conclusive as far as structure 
is concerned, and conclusions drawn by analogy 
from other polymers. There remain, therefore, 
two sources of evidence for the occurrence of long 
chains and for the mode of linkage in these chains. 







MeOCH 


HCOMe 






CH 






One of these consists in the occurrence of tri- and 

: ; : HCO NCOLLe 
tetra-saccharides, as well as a disaccharide and a em ger 
monose, among the hydrolytic degradation prod- i mo 
ucts of cellulose. These can be better isolated as Heo Htotte 
methyl derivatives than as the free substances Highe MeOH 
themselves. The methyl derivatives can be dis- HCCte 
tilled (formulas I and II) and from their sharp i 
boiling points, as well as their crystallizing ability, om 
every guarantee for purity can be obtained. I. cing een rig 


These cleavage products in themselves give no Distilled, crystalline. 
information, however, whether the mode of link- 
age between the glucose molecules in the long chains is identical through- 
out. This question could be answered by investigating the optical behavior 
of these cleavage products, or, better, by studying the kinetics of the 
hydrolysis. This research, begun in 1921 and continued in 1930, has shown 

* Based on the A. R. L. Dohme lecture delivered at The Johns Hopkins University, 
April 17, 1931, F 
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that a uniform linkage occurs which 


biose, and which” combines all the 
glucose residues in the whole chain. 
This may be explained by reference 
to Figure 1 in which, on the left, a 
chain of twelve equally linked glucose 
residues is shown. As a matter of 
fact the chain is ten times as long as 
H,C0Cy that shown. If this chain, together 
Il. TETRADECAMETHYL--CELLO- with its first cleavage products, is de- 
TETRAOSE graded at random, a maximum in the 
Distilled, crystalline. quantity of degradation products of 
definite size, e. g., parts composed of 
two units, is obtained, This maximum, as well as the total course of the 
reaction, can be calculated. Obviously the kind of cleavage products as 
well as the course of reaction must be different if all linkages are of the same 
kind, or if a second mode of linkage, which is either more or less easily 
parted, alternates with the first kind, which can only be the linkage of 
cellobiose. These cleavage experiments have shown that cellulose is com- 
posed of very many equally linked glucose residues. How these chain- 
molecules are aligned and arranged with relation to each other in the crystal- 
line cellulose micelles, is shown by X-ray analysis. From this we also gain 
what neither chemistry nor viscosimetry could discover—namely, some idea 
of the length of the chain. According to X-ray evidence, bundles of about 
fifty chains, each containing 100 to 200 links, 7. e., glucose units, are present. 
In each molecule these links 
are stretched out in a plane. =. 
The chain molecules may be 
compared with stretched-out Bev 
ribbons, and these are ar- Bi 
ranged in bales with the sur- Pa 
m4 
hou 
P34 
ia 
fog 
Korg 





faces parallel to each other. 
Adjacent bundles are simi- 
larly built up and arranged 
parallel to each other, but 
the planes of the ribbons from 
which the bundles are built ” , 
up are not parallel. These 
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cellulose. The unit is called FIGURE 1.—THE FIGURES INDICATE THE NUM- 
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500 to 1000 A. U. and its thickness about 60 A. U. In a 100,000-fold 
magnification it appears 5 to 10 mm. long and 0.6 mm. thick. In gross 
form it may be compared to a small piece of oxidized copper wire, such 
as one uses for combustion analysis. This micelle, the dimensions of 
which we shall consider again, is a compact structure composed of five 
to ten thousand glucose molecules. 


The Chemistry of Lignin 


Lignin, like cellulose, is characterized by the regular recurrence of a 
definite structural unit, which in this case is probably the hydrated caffeic 
alcohol I. It is, therefore, a phenol derivative which, like all similar 
natural products, is formed from sugar. We assume that the primary 
hydroxy] is joined through an ether linkage with one of the phenol hydroxyls 
of the next molecule (II or III). 


HH H as HH H " 
HoK »>-C-C -COH HO-< > es C-0-< ». 
af £ Oe 7 H OHH 
HO HO 
II 


x 


H 
> : COH 
HH 


Tom 
On 


HO 


III 


By means of these two linkages, we may surmise, irregular chains with an 
average of twelve units of hydrated caffeic alcohol result. In formulas IV 
and V we represent only the para-linkage; a portion of the linkages may 
also be like III. 


HH H HH H HH H 
IV HO-< >-C-C ts of Y-6.6. 6. oO: -C-C - COH 
H OH H : H OH H H OHH 


HO HO 1 HO 
HH H HH H HH H 
V 0€ 6.6.6. O-< 6-6. C: 0< >-¢-¢. Con 
ph. H OHH _ H OHH H OH H 
H.C—O H;CO 10 H;CO 


In these chains all free phenol hydroxyls may react with formaldehyde in 
the manner which frequently occurs in plants, with the formation of a 
methoxyl group from one phenolic hydroxyl, and of a dioxymethylene 
group from two such hydroxyls (V). It is possible that a part of these 
ether linkages may undergo a Claisen rearrangement, 7. ¢., a nuclear- 
condensation (VI). But since there are no free phenol groups in lignin, 
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we must then assume dehydration and ring formation such as that shown in 
formula VII. 


\ re H . 
Ho - C/OH + S 
a po. -¢/ OH > 
HiCO 
HCO 
so 
ee * ares * 
Ode yt 
: ees O 
H;CO Ke 2 De 
H;CO 
VII 


But so long as this condensation is not demonstrated, formula V, as the 
simplest, must be preferred. 

The material represented in V we shall call primary lignin. The length 
of the chains, determined by the amount of formaldehyde which can be 
split off and which is held only by the ends of the chains, is about 100 A. U. 
and is presumably somewhat less, since there may be occasional meta 
linkages, or other irregularities of the sort indicated in formula VII. 

At the one end of its chain, this primary lignin, V, resembles coniferyl 
alcohol or its hydrate. By the polymerization of this very reactive group, 
secondary lignin, VIII results. 


HH H HH H ae 
0 6.6 0. >:-6.C.\o0¢ -¢.C:cH 
vai} | \ H OHH H OHH | 
H.C—O H,CO H,CO 
10 
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This is formed either by condensation in the wood, after the cells are dead, 
or during the process of isolation in the laboratory. It is the parent 
substance of almost all lignin derivatives, particularly of lignosulfonic acid. 
The latter substance is a result of partial elimination of water and addi- 
tion of H—SO;H to the resulting double bond. 

Formulas V and VIII, which at present seem most probable, fulfil all 
the essential conditions which experiment requires: the formation of 
primary lignin in physiological synthesis from definite structural units; 
post mortem condensation of primary lignin to the three-dimensional 
secondary lignin of enormous molecular weight; the absence of phenolic 
hydroxyls, and the presence of aromatic methoxyl, dioxymethylene, and 
secondary hydroxyl groups in the proportions indicated by the formula; 
the completely amorphous condition; the permutoid nature of the material, 
shown by the stoichiometric relations upon methylation or acetylation of 
the carbinol, or upon bromination, nitration, or mercuration of the nucleus. 
The refractive index of lignin, 1.61, also corresponds to this conception. 
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From the chemical behavior, we obtain the following picture, which 
conditions the morphological consideration: 

1. Primary lignin forms random chains, which are on the average less 
than 100 A. U. long. In 100,000-fold magnification, this corresponds to 
nearly one millimeter. 

2. Secondary lignin is built up from these units to extremely large, ir- 
regular, three-dimensional formations which, like feather-down or pipe 
cleaners, are capable of meshing with each other. In 100,000-fold magnifi- 
cation, the hairs of the down or of the cleaners would be about 1 mm. long. 


The Morphology of Spruce Wood 


We have considered the structures of cellulose and of lignin starting from 
the separate primary molecules. The very large aggregates which may 
be obtained by chemical 
methods have just been 
described in the case of 
lignin. The micelles in 
cellulose, where the chemi- 
cal investigation is also 
supported by R6éntgen 
analysis, are 0.6 mm. by 5 
to 10 mm. in 100,000-fold 
magnification; these are 
the largest units that be- 
yond doubt consist of 
cellulose alone. 

Now comes the question 




















heth th ki f FIGURE 2.—SCHEMATIC, CROSS-SECTION, 1:1000 
Lamanead " — mg % The hatched rectangle in the wall of the central cell 
cellulose micelles into _ is considered in the explanation of Figures 6 and 7. 


larger aggregates con- (a) Middle lamella (6) Primary layer 
cerns only these units, or (c) Secondary layer (d) Tertiary layer 
: (ZL) Lumen 


whether lignin is also 
wedged in between. Let us consider the problem, beginning with the visible 
phenomena. For this purpose we must resort to the microscopic picture, 
which permits us to recognize dimensions down to a few thousand Ang- 
stroms, say 3000 A. U. That corresponds to 3 cm. in the 100,000-fold mag- 
nification. It is desirable to penetrate into the region between 3000 and 
100 A. U. (3 cm. and 1 mm.), which is not accessible to direct observation. 
The cellulose fiber is composed of so-called fibrils, which are made up of 
micelles arranged parallel to the fibril axis. The minimum thickness of the 
fibrils is estimated at 6000 to 3000 A. U. (6-3 cm.) and is thus within the 
resolving power of the microscope. But there is no basis for the assumption 
that herewith the thickness of. the aggregates formed from homogeneous 
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cellulose is determined. We shall name these homogeneous compact ag- 
gregates micelle series. It will be seen in the discussion of the optical 
investigation of lignin in polarized light that there is some basis for the 
assertion that the thickness of the micelle series is of an order below that 
of the resolving power of the microscope. 

We shall next consider the material used for observation. We differen- 
tiate between the middle lamellae composed of pure lignin (Figure 2) and 
the three layers which are composed of lignin and cellulose: the primary, 
second, and tertiary layers. (The pectins, pentosans, etc., do not appear, 
since they fill the lignin mesh like a jelly.) The three layers are differen- 
tiated by the position of the fibrils. In Figure 3 is shown a wood fiber from 
which the outside middle lamella has been removed. The primary layer 
consists of fibrils arranged more on a tangent, 
and the secondary of more axially arranged 
fibrils. The tertiary layer, which normally 
occurs about the lumen, is absent in the wood 
of the conifers. These arrangements of the 
fibrils are deduced chiefly from investigations 
with polarized light, but in part also by mi- 
croscopic observation of swelling and macera- 
tion experiments. 

When a cross-section of wood (Figure 4) is 
cautiously worked up for lignin (Figure 5), 
the mesh, to be sure, shrinks together; but it 
retains its form, as is shown by a study of cor- 
responding positions in the two pictures indi- 
cated by crosses. Investigation of the lignin 

Shacieeinie~ “dh Sidhe pass section by means of polarized light leads to 
ConiFeRous Woop Finer Ac- the conclusion that it is riddled with elongated 
Sitenain G. W. ScarTH, hollow spaces, the positions of which correspond 

exactly with those of the fibrils. The isolated 
lignin mesh is thus the negative of that of cellulose. To have maintained 
its form in such a complete measure, it must be made up of three-dimen- 
sional particles, which are well meshed together. The structural scheme 
which has just been described explains this important characteristic of lignin. 

From a consideration of these observations, it is found that the diameters 
of the cavities must be small in comparison to the wave-length of light, or 
apparently not larger than 600 A. U. (6 mm. on the 100,000-fold magnifica- 
tion scale). Compact, homogeneous cellulose fibers are therefore not 
thicker than 600 A. U. (6 mm.) and not thinner than 60 A. U. (0.6 mm.), 
which is the thickness of the micelle itself. 

If we consider the lower limit, we may assume that the micelles are 
separately imbedded in the lignin (primary lignin). If the lignin is re- 
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moved, a process which occurs in the manufacture of paper pulp, there is no 
apparent reason why such small micelles should be held together in the form 
of the wood fiber. If the cellulose is removed, there would remain in the 
residual lignin, cavities of about the size of the micelles (500 to 1000 A. U. by 
60 A. U. or 5 to 10 mm. by 0.6 mm.). For these cavities to be in some 
degree sharply defined, there must exist a certain relation in size between 
the unit particle, or micelle, and the molecules of primary lignin. These 
are about 100 A. U. long (or, magnified 100,000-fold, 1 mm.). The primary 
lignin is as incapable of retaining the form of the separate micelles as is chaff 
of retaining the form of a pencil which has been pressed into it. Thus the 
assumption that the micelles are separately imbedded in lignin is untenable. 
The cellulose aggregate, or micelle series, which determines the shape of the 





<= 


FicurE 4.—Cross-SECTION OF Woop FIGURE 5.—THE SAME Cross-SECTION 
OBSERVED IN ANILINE. 160-FoLp Mac- WorKEpD UP For LIGNIN AND OBSERVED 
NIFICATION IN ANILINE. 160-FoLD MAGNIFICATION 


The cells with crosses are identical in both figures. 


mold formed by lignin, must rather exceed in thickness the particles of the 
mold-forming material, and, indeed, must have a size of a different order. 
If we assume that the micelle series has a thickness of 600 A. U., or 6 mm. 
when magnified, its dimensions have a reasonable relation to those of the 
primary or secondary lignin, which forms the mold. This same thickness 
has already been postulated as an upper limit in the explanation of the 
behavior of lignin with polarized light. 

We may conclude, therefore, that the homogeneous cellulose micelles are 
united to form micelle series which consist essentially of cellulose and con- 
tain no lignin, or at any rate only a very small amount. How the micelles 
are joined to each other in the micelle series can readily be explained by 
assuming the penetration of separate chain molecules, longer than the 
average, irom one micelle to the other. 
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According to this, the micelles may be regarded as forming essentially 
homogeneous micelle series of about 600 A. U. thickness (6 mm. in the 
100,000-fold magnification), which contain about 100 micelles in a cross- 
section. Of course these figures are merely average values, and should be 
regarded as significant only with respect to their order of magnitude. The 
micelle series may not be conceived of as regular or uniform. They are to 
be regarded as in part grown together with the adjacent parallel micelle 
series. The fibrils are both thicker and thinner, longer and shorter, 
mechanically disintegrated pieces of this web; and the lower limit of their 
diameter which we have considered is not set by nature, but is dictated by 
the resolving power of the microscope.* Micelle series arranged in a 
parallel formation constitute lamellae with a thickness of the order of 4000 
A. U. (4 cm. in the 100,000-fold magnification). A larger or smaller 
number of such lamellae, the micelle series of which spiral around the axis 
of the fiber, to the right and to the left, form the primary and secondary 
layers of the cell, and the tertiary, if it is present. 


A Model of the Wood Fiber 


A model of the wood fiber can now be proposed. Let us consider it as 
magnified 100,000-fold. Suppose Figure 2 were enlarged so that the dis- 
tance from one lumen to the next (thickness of two walls) is two meters. 

Let us construct a model of the portion of the cell wall which is hatched 
in Figure 2. The spread-out paper in Figures 6 and 7 presents a section 
of Figure 2, and as a matter of fact, if the scale in the foreground is 10 cm. 
long, this section is 100 times as large as that shown in Figure 2 or 100,000 
times as large as a cross-section of a cell. The middle lamella (A) is as- 
sumed to be 3000 A. U. (or 3 cm.) thick. On either side are the adjoining 
primary layers (B), each with two lamellae of like thickness. On either 
side of (B), about the secondary layers (C) of which seven lamellae are 
shown on the right-hand sides of the figures. 

The micelle series in the primary and secondary layers may be thought 
of as about as thick as lead pencils, on the average two millimeters apart, 
or far enough so that by assuming, for convenience, a circular cross- 
section of the micelle series, the intervening space is just about as great as 
that occupied by the micelle series themselves. This intervening space is 
filled with lignin, the chain molecules of which are about a millimeter long 
and these are largely polymerized after the primary lignin is transformed 
to secondary lignin by the processes which occur after the death of the cell. 


* If this assumption proves correct, the expression micelle series (Micellrethe) which 
Nageli has used can be replaced by the expression fibrils. We do not consider it oppor- 
tune to take this step here, and designate bundles of micelle series as fibrils, which are 
visible under the microscope and which have a thickness dependent on chance and the 
process of maceration. 
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Lignin is completely amorphous; it is permeated with hemicellulose and 
forms a homogeneous structure, consisting of lignin and hemicellulose, which 
(together with the middle lamella) encloses the whole cellulose network. 
It is possible that it may work its way into the outer layer of the micelle 
series. But into the micelle itself, which on the magnified scale has a thick- 
ness of 0.6 mm., it cannot penetrate, and it is certain that by far the greater 
part of the cellulose molecules, consisting of from 100 to 200 glucose residues 











FIGURE 6.—SECTION FROM THE CELL’ FIGURE 7.—SECTION FROM THE LIGNIN 
WALL OF Woop RESIDUE 

Figure 6.—The middle lamella (A) is cut by a tangential plane which runs behind the 
model from the left. This lamella is composed of homogeneous lignin saturated with 
hemicellulose. The lightest colored section on the front side of the model is situated 
on a line perpendicular to the cell wall. The pegs (600 A. U. or 6 mm. thick) represent 
the micelle series, which are imbedded in the lignin. In the primary layer (B) these 
micelle series are arranged more tangentially than axially and spiral around, in the first 
lamella of the primary layer (B) to the right, in the second lamella to the left. The 
axis of the fiber is perpendicular to the surface of the paper, and only two lamellae of the 
primary layer are considered. In the secondary layer (C) is another set of lamellae 
which likewise spiral around the central axis in opposite directions, but the micelle series 
of which are arranged more axially than tangentially. Two of the seven lamellae of the 
secondary layer which are shown in Figure 6 are represented in the model. From the 
model one can see how the lignin closes around the micelle series as a homogeneous 
mass, penetrating the whole meshwork. 

Figure 7.—Here the cellulose has been dissolved and removed, leaving only the lignin. 
A section of the homogeneous middle lamella is shown on the left. The first lamella of 
the primary layer (B) is pierced by elongated cavities in which the micelle series, arranged 
more tangentially than axially, were previously to be found. In the one lamella they are 
arranged in a clockwise and in the other in a counter-clockwise spiral about the fiber axis. 
In the secondary layer, lamellae with cavities arranged in clockwise and counter- 
clockwise spirals alternate with each other, and here the cavities are placed more axially 
than tangentially. Two of the seven indicated lamellae are shown. The model shows 
how the isolated lignin is pierced by the cavities of the micelle series which have been re- 
moved by solution. Like Figure 6, it shows that the difference between the lamellae and 
layers is not in the material but in the morphology. But the middle lamella consists of 
lignin (with hemicellulose) and is not pierced by cellulose. 


each, have no contact at all with the lignin. The fact that cellulose, or for 
that matter, methyl or acetylcellulose in methylated or acetylated wood, 
cannot be extracted from wood by the usual solvents, is due to the circum- 
stance that cellulose and its derivatives swell with the solvents and cannot 
diffuse out of the tight lignin network. A chemical combination between 
lignin and cellulose should not be assumed. 

If one observes the cellulose portion of the fiber alone one can see how the 
micelle series of the one lamella form an angle with those of the next. This 
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arrangement has rightly been compared with plywood. But where ply- 
wood is held together by a foreign material (the glue), the binding 
material of the wood network, which is lignin, penetrates all the lamellae 
alike. Together with hemicellulose, it fills the spaces which intervene 
between the rod-like micelle series; as the middle lamella it encases the 
whole fiber; at the same time it forms the union with the adjacent fiber. 
The micelle series of cellulose may be compared with the iron rods, and the 
lignin together with the hemicellulose with the concrete in reinforced con- 
crete. It is astonishing to see how nature has here made use of two of the 
best principles of rigidity which the human mind has independently dis- 
covered only in our own time. 
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RECENT DEVELOPMENTS IN A CHEMICAL AGE 


ALFRED L. FERGUSON, UNIVERSITY OF MICHIGAN, ANN ARBOR, MICHIGAN 


The object of this paper is two-fold: first, to bring to the attention of the 
reader some of the fundamental deep-seated factors which have caused this to 
be “‘the age of chemistry’: second, to indicate sources from which the reader 
may, at his leisure, obtain more detailed information. Much emphasis is 
placed upon publicity campaigns that are an effort to educate the general public 
and the younger generation concerning the important part chemistry has played 
in the past and will play in the future in bringing to this country increased 
health, happiness, and prosperity. It 1s pointed out that the marvelous prog- 
ress in chemistry has resulted from the development of a research consciousness 
by those in charge of industrial work. 


“This is the age of chemistry,’’ is a statement which you have probably 
all seen or heard. Chemistry has come to be a common household word. 
It has escaped from the confining walls of academic institutions and has 
taken up residence in every home and every industry. The realization 
is rapidly spreading that chemistry is not limited to the test tube, and that 
the great chemical laboratories are not in the buildings on university and 
college campuses but in the fields and forests of the farmer and the manu- 
facturing plants of every industry. This popularization of chemistry is 
probably its greatest recent development in this country, because it is 
largely responsible for the other developments. I shall have more to say 
upon this topic later. 

-Chemistry is concerned with the compositions of substances and changes 
in the compositions of substances, however brought about. There are 
ninety-two different kinds of blocks, and only ninety-two, which can be put 
together in different ways to make up all the thousands of individual sub- 
stances in the universe. These building blocks which the chemist uses are, 
as you know, the elements. One of the duties of the chemist is to take 
samples of the substances with which we are surrounded and continually 
working and, by the application of very definite methods, to tear down the 
structure and determine what elements entered into it, their relative 
amounts, and the manner in which they were arranged. Another duty of 
the chemist is to discover the laws and principles which Nature used in 
constructing the various substances she has built out of these elements for 
our convenience or, it may be in some cases, our inconvenience. But his 
third task is more important. After having discovered the elements which 
Nature used in building substances and the principles and laws involved, 
he proceeds to construct these substances himself. The product which 
the chemist makes is popularly called artificial as contrasted with the ma- 
terial produced by Nature. There is, unfortunately, a popular feeling that 
the artificial product is inferior to the natural. The fact is, however, that 
the artificial or synthetic substances are in general superior. 
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During the last few years the chemist has carried his efforts to an even 
higher plane. After having dissected substances into their elements and 
learned the plan or architecture of their arrangement, and later recon- 
structed the elements into the original forms, he has gone a step farther and 
by deliberately leaving out certain sections of the original plan or inter- 
changing sections or even adding new sections he has learned the prop- 
erties contributed by these various parts. Equipped with this information 
he has constructed entirely new substances not found in Nature but possess- 
ing certain predetermined properties possessed by similar naturally occur- 
ring substances. This kind of work is of especial significance in medical 
science, though, during the last five years, it has resulted in remarkable 
accomplishments in organic industrial chemistry. 

I have already stated that probably the most important recent develop- 
ment in chemistry is its popularization. This has led to and has been 
coincident with remarkable progress along three major lines which are all 
intimately interrelated. Theseare: firstly, the application of the methods 
and principles of chemistry in the field of medicine; secondly, the keen 
appreciation by the public in general and the chemical industries in particu- 
lar of the value of research; thirdly, the introduction of new and scientific 
methods in the preparation and industrial production of well-known chemi- 
cals and of chemicals heretofore produced only by Nature, or in many 
cases never before known. I shall give some attention to each of these. 
It is not my intention to consider details, my purpose will be more to do two 
things; to bring to your attention some of the fundamental, deep-seated 
factors involved in recent developments in chemistry, and to indicate sources 
from which you may, at your leisure, obtain more detailed information. 

I shall consider first the application of chemistry in the field of medicine. 
Not many years ago it was universally accepted and is the belief of a large 
proportion of people even today that the processes going on within the 
human body are actuated by mysterious, so-called vital forces and that it is 
sacrilegious to investigate these too closely. As evidence I might refer to 
the Scopes trial in Tennessee and the action of legislative bodies prohibiting 
the teaching of evolution in the schools of the state. Science has demon- 
strated, however, that the human body and the bodies of all animals, in 
fact, all living, growing things are chemical laboratories in which innumer- 
able chemical reactions are going on. 

In the past, information concerning the happenings within these labora- 
tories was obtained largely through the aid of the microscope. Such in- 
formation has been of great service in the-medical profession and humanity 
has benefited materially thereby. 

The microscope can furnish, however, no really fundamental information. 
Its information corresponds to what a person might obtain concerning the 
operations of a great trust company by walking through the corridors or 











fac 
ni! 














Vor. 9, No.7 RECENT DEVELOPMENTS IN A CHEMICAL AGE 1183 


the various floors of the building in which the company is located. He 
could observe that there are many rooms in which something is happening. 
Some people are entering these rooms, others coming out, and still others 
wandering down the corridors. The chemist, however, is like the expert 
accountant; he looks within the various compartments and observes the 
inner workings; he checks over the input and the outgo and accounts for 
the difference. The chemist starts where the medical man leaves off. He 
attempts to determine what happens to the many different kinds of mole- 
cules within the cells themselves. 

Chemists have by no means completed this investigation of life, growth, 
and decay; in fact they have scarcely started. The investigation has pro- 
ceeded far enough, however, to convince many of us that all phenomena 
exhibited by living things, both plants or animals, result from straight 
chemical reactions. 

Plants, as I have stated, are chemical factories. They take into these 
factories as raw materials carbon dioxide and oxygen from the air; water, 
nitrogen, sulfur, phosphorus, and small quantities of other elements from the 
soil. All of these substances are precisely the same inanimate chemicals the 
chemist has in the bottles upon his shelf. Within the leaves of the plants 
these raw materials, with the aid of energy in the form of sunlight, are con- 
verted into dozens of new substances that go to make up living, growing 
plants. Some of these substances are simple while others are so complex 
as to defy the analytical ability of the best chemists. The materials pro- 
duced in largest quantities in these plant factories are known as cellulose, 
sugars, oils, and proteins; and they are produced with no apparent effort 
and without the use of extreme agencies. These manufacturing activities 
of the little leaves have challenged the ingenuity of the wisest men; but 
the challenge remains unmet; man has been unable to make some of these 
materials. These products, so easily produced by plants, are in turn the 
raw materials consumed by members of the animal kingdom. 

Every animal is made up of numberless little chemical laboratories where 
these raw materials are converted into hundreds of new chemical individuals 
that make up the flesh and bones and blood and other parts of the living 
organism. Each of these little chemical laboratories within a given living 
body has its special work to do, yet the whole is a most wonderful organiza- 
tion. Every part works in harmony with every other part, the product of 
one is the raw material of another. So long as there is codperation and 
harmony within, and no disturbance from without, all is well and health 
and happiness prevail; but let one of these little laboratories get out of 
order through some disturbance within or without, then another part of the 
organization does not receive essential raw material or the material is im- 
properly prepared. Then disease and sorrow result. 

Until a few years ago, before the chemist stepped in to assist, the physi- 
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cian knew absolutely nothing of a fundamental nature concerning the 
chemical reactions taking place within the human body. Through purely 
empirical methods they had come to associate certain physical manifesta- 
tions such as temperature change, rate of heart beat, appearance of the 
tongue and others with which probably most of you are familiar, with more 
or less definite ailments. They had learned, further, that certain drugs 
administered in the proper manner might relieve the difficulty. But they 
were totally unable to describe the chemical action responsible for the dis- 
turbance or the chemical action which the administered drug produced to 
restore normal conditions. These basic questions can be solved only by 
the chemist. 

That this situation is realized by the medical profession is evidenced in 
several ways. Probably one of the first indications was an increase in 
chemistry requirements by medical schools. The principal demand has 
been for more work in physical chemistry. In response to this there have 
appeared such textbooks as: 

Finb.ay, A., ‘‘Physical Chemistry for Students of Medicine,’’ Longmans, Green and Co., 
New York, 1924. 

GILLEsPIE, L. J., ““Physical Chemistry,’’ McGraw-Hill Book Co., New York, 1931. 

Maass, O., AND STEACIE, E. W. R., “An Introduction to the Principles of Physical 
Chemistry,’’ John Wiley and Sons, Inc., New York, 1931. 

McCLENDON, J. F., AND MEDEs, G., ‘“‘Physical Chemistry in Biology and Medicine,” 
W. B. Saunders Co., Philadelphia, 1925. 

STEEL, M., ‘‘Physical Chemistry and Biophysics,’’ John Wiley and Sons., Inc., New 
York, 1928. 


In our medical school, the heads of major departments require that their 
advanced graduate students take both lecture and laboratory courses in 
physical chemistry, colloid chemistry, and electrochemistry. To assist the 
graduate students and research men in this borderline field between medi- 
cine and chemistry, there are many reference books. The following list is 
by no means complete but it shows the general trend of developments. 


Armssy, H. P., aND Mou ton, C. R., “The Animal as a Converter of Matter and 
Energy,’’ Chemical Catalog Co., New York, 1925. 

BarcEr, G., “Some Applications of Organic Chemistry in Biology and Medicine,” 
McGraw-Hill Book Co., New York, 1930. 

BaRROWCLIFF, M., ‘Organic Medicinal Chemicals,’’? D. Van Nostrand Co., New York, 
1920. 

BECHHOLD, H., “‘Colloids in Biology and Medicine,’’ D. Van Nostrand Co., New York, 
1919. 

Crayton, W., “Colloid Aspects of Food Chemistry and Technology,” P. Blakiston’s 
Son and Co., Philadelphia, 1932. . 

Cry ez, G. W., ‘“‘A Bipolar Theory of Living Processes,”” The Macmillan Co., New York, 
1926. 

Dyson, G. M., ‘‘The Chemistry of Chemotherapy,” E. Benn Co., London, 1928. 

Fak, K. G., “The Chemistry of Enzyme Action,’”” The Chemical Catalog Co., New 

York, 1921. 








VoL 


KE) 
Kol 


Lor 


Pal 
Ro! 


SE: 


SH 


SH 


Sr 


Qo = 


— —- FF Cf CF 





» 1932 


y the 
urely 
esta- 
f the 
more 
rugs 
they 
dis- 
d to 
r by 


d in 
2 in 
has 
ave 


ae 








VoL. 9, No.7 RECENT DEVELOPMENTS IN A CHEMICAL AGE 1185 


KENDALL, E. C., ‘““Thyroxine,’”’ The Chemical Catalog Co., New York, 1929. 
KoimeEr, J. A., ‘‘Principles and Practice of Chemotherapy,” Saunders Co., Philadelphia, 


1926. 
Logs, J., ‘‘Proteins and the Theory of Colloidal Behavior,”’ McGraw-Hill Book Co., 


New York, 1924. 
May, P., ‘‘The Chemistry of Synthetic Drugs,’’ Longmans, Green and Co., New York, 


1921. 
Paut!, W., ‘‘Colloid Chemistry of the Proteins,” J. and A. Churchill, London, 1922. 


RoBERTSON, T. B., ‘“‘The Physical Chemistry of the Proteins,’’ Longmans, Green and 


Co., New York, 1920. 
SEARLE, A. B., ‘‘The Use of Colloids in Health and Disease,’’ Constable and Co., London, 


1920. 
SHERMAN, H. C., ‘‘Chemistry of Food and Nutrition,’’ The Macmillan Co., New York, 


1926. 
SHERMAN, H. C., AND SmiTH, S. L., ‘“‘The Vitamins,’’ The Chemical Catalog Co., New 
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SORENSEN, S. P. L., ‘‘Proteins,’’ The Fleishmann Laboratories, New York, 1925. 
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The book, ‘‘Chemistry in Medicine,”’ appeared about three years ago and 
I shall have more to say about it later. 

Proteins, which are so-called colloidal substances and also solutions of 
electrolytes, are necessary constituents of every living cell. It is reasonable 
to assume, therefore, that reactions between these materials constitute an 
important part of body phenomena. It is this belief that has led to the 
publication of many of the books in the above list. All of these authors 
attempt to show that such reactions are purely chemical in nature. I 
might say that this has been, also, one of our major lines of research in 
electrochemistry at the University of Michigan. 

The above books are written, for the most part, by men who are pri- 
marily chemists; and the trend of modern medicine toward chemistry is 
clearly evident. 

Dr. W. J. Mayo in a recent address stated that ‘‘the epochal studies of 
the chemist-physician, Pasteur, have been of greater service to mankind 
than those of any other known human being.’’ The work of Emil Fischer 
on the chemistry of sugars made possible the recent advances in the knowl- 
edge of metabolism of carbohydrates. His remarkable work on the chem- 
istry of amino acids and their synthesis into polypeptides laid the foundation 
for a study of the chemistry of proteins and their digestion and metabolism. 

The new science of chemotherapy originated by Paul Ehrlich is coming 
to dominate miedical thought. In Current Opinion an article appeared re- 
cently, entitled ‘‘Paul Ehrlich’s Justification of the Capture of Medicine by 
the New Chemistry.’”’ It is stated in this article that “more immediately 
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practical than any other scientific development of our time is the subjection 
of the art of medicine to principles of chemistry.”’ 

Chemotherapy is the application of the exact, scientific principles of 
chemistry to the preparation of pure chemicals which will cure specific dis- 
eases without undue injury to the body cells. The predominant thought 
in modern chemotherapy is that the particular chemical agent or drug has 
a special affinity or combining power for certain parasites. There are, 
however, practically no exact experimental data to establish the nature and 
mechanism of the selective affinity of chemical agents for parasites and the 
relation between these properties and the chemical constitution of the 
compounds. 

Wells in his book, ‘‘The Chemical Aspects of Immunity,’’ states that, 
“Immunological reactions, the processes by which the living organism 
defends itself against the chemical attacks of the enemies and so is able to 
exist in an environment seething with such enemies, are chemical reactions.” 

Falk in his book on ‘“The Chemistry of Enzyme Action” states that 
“Enzyme actions may be treated as a group of chemical reactions analogous 
to other chemical changes. The substances taking part in such actions 
are an integral part of chemical science.” 

About fifty per cent. of the articles in some of the medical journals are on 
pure chemical research along medical lines. In fact I take the Journal of 
General Physiology because of the many articles it contains on the applica- 
tion of electrochemical methods to problems of physiology. 

I have frequently made the statement to my classes that the greatest ad- 
vances in the field of medicine in the near future are to be made through the 
applications of the principles and methods of chemistry, especially physical, 
colloid, and electrochemistry; also that there is no line of chemical work 
that holds such possibilities for the chemist in the near future as its applica- 
tions to medicine. 

Before leaving this field of development I wish to tell you something 
more about this little book entitled “Chemistry in Medicine” and its 
sponsor. 

No discussion of the development of chemistry in the field of medicine 
should be presented without calling attention to the outstanding services 
rendered by a man who is not a chemist. Mr. Francis P. Garvan is a 
lawyer in New York City, yet no man in this country has done more to 
place chemistry, in all its fields of endeavor, upon the high pinnacle of suc- 
cess, which the whole world recognizes it has today, than Mr. Garvan. 
The descriptions of his own experiences and the experiences of those closely 
associated with him during the extremely critical stages in the life of the 

young chemical industry during and following the war are more thrilling 
than a novel. He saw in chemistry marvelous possibilities for bringing 
to this country increased health, happiness, and prosperity. These ideas 
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so impressed him that he consecrated his indomitable will and fighting 
spirit as well as his fortune to the cause. 

He was keenly alert to the fact that if you wish to accomplish something 
big and of national importance you must take the people into your confi- 
dence and enlist their support. To do this it is necessary to put your ideas, 
your propositions, and your facts in a language that everybody can under- 
stand and then a means must be devised for distributing the information 
throughout the country, and finally the people must be induced to read it. 

With these ends in mind he had published by The Chemical Foundation, 
Inc., of which he was president, pamphlets that told the stories, in a dra- 
matic manner, of the ways in which the chemists saved Germany from 
utter defeat in the early stages of the war and how they made it possible 
for Germany to be continually surprising the allies with new engines of war. 
They pictured the adventurous trips of the Deutschland to this country 
with its cargoes of concentrated aniline dyes valued at millions of dollars. 
They related the pitiful calls of our hospitals for local anesthetics to allevi- 
ate suffering on the operating table, the frantic appeals for the hypnotic 
that soothes the epileptic, and the furious demands for many other chemi- 
cals used both in health and industry, the supplies of which were suddenly 
cut off by the war. These stories were picked up by the public press and 
became common topics of conversation on the street corners of every city 
and village and in the homes of the uneducated as well as the educated. 
But this was only the beginning of his publicity campaign. It was realized 


_ that more detailed information must be furnished concerning the relation 


of chemistry to the common materials of daily life. This was accomplished 
through the publication of a book written by the late Dr. Slosson entitled 
“Creative Chemistry.” Had it not been for this book it is very doubtful 
whether the chemical industry would have survived for long after the war. 

This campaign of publicity and education has been continued from that 
time to the present. And from the ambitious remarks that Mr. Garvan 
made recently he has only started. The culmination of his efforts, so far, 
to correlate the activities of chemistry and medicine, is this little book 
entitled ‘“Chemistry in Medicine.’’ The editor is Julius Stieglitz, head of 
the chemistry department of the University of Chicago. Advisory editors 
are Dr. Carlson, professor of physiology, University of Chicago; Dr. Hunt, 
professor of pharmacology at Harvard Medical School; Dr. Lillie, profes- 
sor of zodlogy at the University of Chicago; Dr. Wells, professor of pathol- 
ogy at the University of Chicago. There are thirty-nine topics each pre- 
sented by an authority in the field. All authors and all editors contributed 
their services free. The book was published and is distributed at cost. 
Most of the sections are written in a popular, non-technical style so as 
to be understandable by one who is a student of neither chemistry nor 


medicine. 
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I stated earlier that probably the greatest recent development in chem- 
istry is its popularization, since this is largely responsible for the other 
developments. You are probably beginning to appreciate the significance 
of that statement; but I wish, in this connection, to point out another 
highly commendable phase of this publicity and educational campaign that 
Mr. Garvan is carrying on. It should be mentioned that all of these activi- 
ties have been undertaken with the approval and codéperation of the 
American Chemical Society. In June, 1923, a letter was received by the 
Society from Mr. Garvan which read in part as follows: 


In order that the youth of our country may have an intelligent 
appreciation of the vital relation of the development of chemistry 
to our national defense, to the intensification and purification of 
industry and agriculture and to the progress of medicine throughout 
the age of chemistry upon which we have entered, and in memory of 
our daughter, Patricia, Mrs. Garvan and myself tender to you the 
sum of $10,000. $6000 is to be expended by you in awarding in 
each state six prizes of $20 each to the students in all schools, public 
and private, for the six best essays evidencing an understanding of the 
importance of chemistry in our national life. 

In addition, we have provided for six four-year scholarships in chem- 
istry or chemical engineering to be awarded by you among the success- 
ful students in each of the several states. These scholarships will 
carry $500 a year and tuition. 


Naturally the gift was accepted and immediately the complicated ma- 
chinery for placing it in effect was worked out. President Hoover, then 
Secretary of Commerce, became chairman of the National Committee. 
When he entered the White House the chairmanship was turned over to 
Secretary of Interior, Dr. R.L. Wilbur. Other members of the committees 
constitute an imposing list of many of the best known people from all walks 
of life in the United States. 

Appropriate literature and posters were sent to 14,798 high schools. 
The necessity soon became evident for reference books written in a popular 
style to serve as source material for the essays. The Chemical Foundation, 
Inc., arranged for the publication and distribution of five books. These 
were sent free to all the high-school libraries, all members of the committees, 
and hundreds of interested people. The titles of these books are: ‘The 
Life of Pasteur,” ‘‘Discovery—The Spirit and Service of Science,” ‘‘Crea- 
tive Chemistry,” “The Riddle of the Rhine,’ and “The Future Indepen- 

_ dence and Progress of American Medicine in the Age of Chemistry.”’ 

It is not necessary for me to elaborate upon the tremendous interest and 
enlightenment in chemistry this program has developed among the younger 
generation and in thousands of homes. It means that an even more 
marvelous development is assured to chemistry, in all of its lines, in the 
future than it has recently experienced in the past. I must not take more 
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time to discuss this publicity campaign, but I hope enough has been said 
so that you may appreciate my attitude in the statement which I made that 
the greatest recent development in chemistry is its popularization. 

So far I have considered two phases of my topic, namely, the populariza- 
tion of chemistry and its application in the field of medicine; the third 
phase I am going to call the intensive industrialization of research. Prior 
to about the beginning of the World War, chemistry both in its academic 
and industrial form in the United States was not recognized by the world 
at large as of any significance. The facilities of university laboratories, 
even for research, were very limited, and American chemical literature was 
not especially significant. It was generally recognized that a man to pre- 
pare himself for a life work in chemistry must go to Germany or some other 
European country for his training. The catalog of any leading university 
shows that nearly all of the older members of the chemistry faculty received 
their degrees abroad. That situation is completely changed now. It is 
distinctly unusual to find younger members of the faculty with advanced 
degrees from abroad. Our laboratories are the best in the world with re- 
spect to physical equipment and probably in respect, also, to personnel, 
and our chemical literature is surpassed by none. 

An even greater transformation has taken place in chemical research in 
industry. Before the World War, chemical research was limited almost 
entirely, what there was, to the laboratories of academic institutions. In- 
dustrial chemistry was a mere child whose voice was not heard outside our 
own borders and was scarcely audible within. The companies making 
chemicals depended almost entirely upon outside sources for raw materials 
and intermediates and were entirely at the mercy of foreign manufacturers. 
Industrial chemical research simply did not exist. This meant that when 
the war started, our chemical industry, such as it was, was nearly com- 
pletely ruined because of the inability to import raw materials. Foreign 
countries deliberately attempted to hold back raw materials as a means of 
forcing us into the war. Many of our other fundamental industries that 
depended upon either home or imported chemicals came to a standstill. 
Probably the most striking illustration was the textile industry since, at 
that time, all dyes were imported. You probably all recall those trying 
years. But, as the old saying goes, ‘‘necessity is the mother of invention” ; 
and every available chemist and chemical laboratory was called upon to 
assist in pulling us out of that critical situation. Never in all history was 
such an impetus given to research. The situation was acute and the re- 
wards were high. The government established great research laboratories 
at Washington and sponsored work in college laboratories. The National 
Research Council was organized to suggest, direct, and codrdinate research 
activities. Industrial research laboratories were authorized by boards of 
directors. The whole country was seething with activity. 
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It is easy to see, therefore, why, during the war period, the chemical in- 
dustry in this country showed such a marvelous development. The end 
of the war, however, meant the end of the leading impetus for research and 
development. 

During the first few years after the war there existed a marked over-pro- 
duction. There was a keen competition between American chemical manu- 
facturers to supply the home demand. The most important factor, how- 
ever, that threatened the very life of this young industry was competition 
from the outside. Foreign manufacturers made a tremendous effort to 
regain the chemical trade of this country that they lost during the war. 
They saw in the husky young American chemical industry the possibility 
not only of the loss of the American consumer but active competition in 
foreign markets. The stories of the things that happened during that re- 
adjustment period are more thrilling than fiction. The fight was finally 
won, for the time being at least, by the tariff protection to the American 
chemical industry in 1923. 

During this readjustment period it was clearly evident to the keen ob- 
servers that the success or failure of the new industry in this country de- 
pended primarily upon its ability to meet new developments in the future; 
in other words it depended upon the extent to which research was adopted 
in all of its phases. A realization of this situation caused many national 
organizations, in codperation with far-seeing, public-spirited men like Mr. 
Garvan, to attempt to establish a national research consciousness. Among 
the leading organizations in this movement were: The American Chemical 
Society, the National Research Council, the National Academy of Sciences. 

The result was the publication of articles picturing the achievements of 
research in other countries, the remarkable accomplishments during the 
war, and the necessity for an even greater research activity in the future. 
These articles appeared in all kinds of industrial magazines and were con- 
verted into popular stories for the general newspaper press and popular 
magazines. In fact a new news agency known as Science Service was 
brought into existence for the purpose of translating technical reports of 
research into common language for the general public. 

This campaign was followed by the publication of a number of books 
treating upon industrial research activities in more detail, yet in popular 
language. Something like thirty such books have been published during 
the last five years. I wish to call your attention especially to some of these. 
ALDERMAN, E. A., “Science and Research in the Service of Business,’’ University of 

Virginia, 1929. ° 

ARRHENIUS, S. A., “Chemistry in Modern Life,” D. Van Nostrand Co., New York, 1925. 
Cusuman, A. S., “Chemistry and Civilization,’’ E. P. Dutton and Co., New York, 1925. 
FARREL, H., ‘“What Price Progress?”’ Putnam Co., New York, 1926. 

Finbay, A., “Chemistry in the Service of Man,” Longmans, Green and Co., New York, 
1925. 
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HowE, H. E., ‘‘Chemistry in the World’s Work,” D. Van Nostrand Co., 1926. 
Howe, H. E., ‘‘Chemistry in Industry,” 2 vols., The Chemical Foundation, Inc., 


New York, 1924, 1925. 
LitTLE, A. D., “Handwriting on the Wall; a Chemist’s Interpretation,” Little, Brown 


and Co., Boston, 1928. 
MILuiKAN, R. A., ‘‘Science and the New Civilization,’’ Scribner, New York, 1930. 
NATIONAL RESEARCH Councr, “‘Bibliography on Research; Selected Articles from the 
Technical Press,’’ 1923-26, National Research Council, Washington, 1926. 
NATIONAL RESEARCH CounciIL, ‘Industrial Research Laboratories of the United 
States,’ National Research Council, Bulletin No. 60, Washington, 1927. 


As I mentioned earlier, what I am attempting to do in this article is, firstly, 
to indicate in a broad general way the lines along which the major develop- 
ments in chemistry have taken place, and secondly to direct you to the 
sources where you may obtain more detailed treatment of the special 
topics that may appeal to you. A good idea of the extent to which this 
publicity or educational campaign has progressed, may be obtained from a 
booklet entitled ‘‘Five Years of Research in Industry.’ It is compiled by 
C. J. West under the auspices of the National Research Council and is 
simply a bibliography, or reading list as they call it, of articles that have 
appeared during the last five years in technical magazines that merely dis- 
cuss the subject of research from various angles. The articles are grouped 
under 91 topics and there are about 2000. None of these describe par- 
ticular research investigations, they are all general discussions. 

I should like to quote a few statements from some of these articles just 
to give you the general trend of the whole movement. 

In an address before the American Association for the Advancement of 
Science, at Pasadena, California, last June, Maurice Holland, director of 
Division of Engineering Research of the National Research Council, made 
such statements as these: 


Research is one of the best forms of security for capital invested 
in industry. 

There is a direct relation between the research rating and the 
security ranking of the leaders of American Industry. 

The science story appears on the front page today for the reason 
that the achievements in the field of pure science are changing the 
face of the world. 


Lawrence V. Redman, vice-president and director of research of the 
Bakelite Corporation, and president of the American Chemical Society, 
was awarded the Grasselli Medal for 1931 in recognition of his paper on, 
“Cost of Research and Its Apportionment.” In that article he states, 


In every well-conducted business there are certain charges that 
have long been considered as inescapable. Included in these are 
interest on borrowed capital, rents, taxes, insurance, depreciation, 
obsolescence. It is time, in this industrial age, that there be added 
to these fixed charges a charge for an adequate and sustained program 
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of research without which no industry can progress, if indeed it can 
survive ...Better might a manufacturer cancel his fire insurance 
than drop his only insurance against retrogression. 


The January 5, 1932, issue of the Christian Science Monitor carries on 
its front page an article which contains the following statements: 


Remembering that the chemical corporations which retained their 
research staffs during the slump of 1921 were the leaders in the pros- 
perity which followed, chemical manufacturers during the present 
slack times have not laid off many of their research workers, according 
to an announcement by the American Chemical Society made public 
Saturday. For this reason, it is explained, there is less unemployment 
among chemists than among other professional groups ...In many 
instances, moreover, research workers have risen into the ranks of 
executive officials, so that the chemist now has representatives in the 
front office to speak up for him. 


It is coming to be generally accepted that the marvelous developments 
resulting from research, especially in chemistry, are materially altering 
the economic adjustments in this country. Whole books are being writ- 
ten on this phase alone. One of the best of these is probably, ‘‘Chemical 
Engineering Economics,’ by C. Tayler, McGraw-Hill, 1926. 

All of the larger banking and financial organizations have expert chemists 
on their staffs whose duty it is to interpret the current developments in 
this field and advise as to the soundness of new adventures and the future 
outlook for established concerns. 

As Little puts it in his book, 


There has grown up in the minds of the financier, the industrial 
executive, and the man in the street a more adequate appreciation of 
the chemist as a keystone in the industrial structure, and of research 
as the price of progress. 


There has been forced upon their attention in many striking ways the 
fact that no industry is secure today unless its foundations are firmly sunk 
into the bedrock of research. This has been an exceedingly bitter pill for 
the managers and directors of some of our oldest established industries to 
swallow; but they are all coming to it. Their sentiment in general is 
typified by the expression of the president of a large industrial concern when 
he was being interviewed upon the subject. He closed the interview with 
the remark, ‘“‘Damn the chemist, I will have nothing to do with him or his 
research.” But even though this feeling may exist, the chemist with his 
research is finding his way into every type of industry; and it does not 
take him long to demonstrate that his services were a profitable investment. 

The president of a chemical manufacturing firm recently stated that, 


Research is the one tool by which, in the short space of 12 to 15 
years, American chemists and chemical engineers have established 
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in America an organic chemical industry, the magnitude of which is so 
great and the quality of whose products is so good that it is the marvel 
of our European competitors. 


The result of this educational and publicity campaign has produced a 
harvest that is simply astounding. Not only has the resentment of the 
manager and board of directors largely disappeared, but they are coming 
to feel that money invested in research will bring greater returns than in 
any other place. 

In 1920 the National Research Council survey listed 575 industrial labo- 
ratories in the United States, in seven years this had doubled, and now there 
are more than 1600. 

We are inclined to forget that the General Electric Research Laboratory 
was established only thirty years ago and that it was not until 1912 when 
the present seven-story research building was constructed that it had 
reached any considerable proportion. Five years later another six-story 
building was added. They now have about 150,000 square feet of floor 
space and 200 rooms given over to research. 

The Western Electric has a research staff of more than 1500 chemists and 
engineers. . 

Probably the most rapidly growing chemical research laboratory is that 
of the du Pont de Nemours and Co. The company was not incorporated 
until 1915, but it has employed 1200 research chemists at one time and has 
spent $3,000,000 on research in a single year. 

-Hours might be spent discussing the subject of research, thousands of 
articles have been written upon it, but I will remind you again that my ob- 
ject is not to exhaust a topic but simply to point out topics and attempt to 
show their importance and indicate where you can pursue your investiga- 
tion of them further at your leisure. 

Another very noticeable and very recent trend in chemical development 
is the tendency of small companies to amalgamate and form large corpora- 
tions, and for a few of the larger companies to expand by organizing new 
subsidiary units or absorbing other smaller companies already established. 

The present du Pont de Nemours and Co. is a development from the 
small du Pont powder mill established in 1802. The company reorganized 
and took on many new activities in 1915. It absorbed the General Explo- 
sives Co. in 1924 and the Grasselli Chemical Co. in 1928. It has established 
several subsidiary plants for making rayon, nitrocellulose, plastics, paints, 
varnishes, lacquers, cellophane, methanol by hydrogenation, ethyl alcohol, 
and glycerol by fermentation, and in 1929 they established a large synthetic 
ammonia plant. This company manufactures a large part of the dyestuffs 
now used in the United States. It also produces its own wood flour and 
wood pulp. 

The plan in these amalgamations and future developments appears to 
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be to become as nearly self-contained as possible. Starting with the raw 
materials of nature, one unit converts these into products which become the 
raw materials for another unit, and so the procession continues until the 
final materials are ready for the consumer. Du Pont is one of the few 
companies that has continued to expand and make good profits during the 
present depression. Their recent success may be attributed to the product 
cellophane with which you are all familiar in the form of very thin trans- 
parent covering for candy, baked goods, cigars, cigarettes, etc. This ma- 
terial is only one of the many recent developments of pure research. 

The story of the growth of the du Pont de Nemours and Co. is simply 
typical of many in the chemical industry. 

The Allied Chemical and Dye Corporation was created in 1920 by the 
consolidation of the General Chemical Co., producers of heavy chemicals; 
the Solvay Process Co., manufacturers of Na,COs, alkali hydroxides, and 
chlorine; the Semet-Solvay Co., producers of coke, coal tar, and other by- 
products of the coke oven; the Barrett Co., producers of coal-tar products, 
including roofing material and road-making material; the National Aniline 
and Chemical Co., manufacturer of dyestuffs. Since then it has acquired 
the Atmospheric Nitrogen Corporation, producers of fixed nitrogen. In 
1928 they opened a plant at Hopewell, Virginia, which will produce 90,000 
tons of fixed nitrogen a year and which is said to have cost $35,000,000. 
Still other plants are under construction. It also controls the U. S. Rubber 
Co. In 1928 the company distributed $16,000,000 in dividends and re- 
tained a surplus to make a total capital and profit surplus of $182,000,000 
accumulated in nine years. 

The Union Carbide Corporation like the du Pont is one of the oldest. It 
was reorganized in 1927 into the Union Carbide and Carbon Corporation. 
This was the amalgamation of 35 subsidiaries which were pioneers in their 
respective lines. In 1928 it acquired the Acheson Graphite Corporation. 
In 1929 it had 145 plants in operation, some of which are in Canada and 
Norway. 

The Dow Chemical Co. of Michigan has seen a wonderful expansion due 
largely to the development of new materials as the result of research. It 
promises to have even a greater future through the production of magne- 
sium and its alloys. 

The Standard Oil Co. of New Jersey is commonly thought of as only an 
oil company, and as the world’s leading producer of petroleum. It was one 
of the last large industries to adopt scientific research, but it is now rapidly 
coming to be one of the leading chemical corporations in the United States. 
It is the second largest producer of natural gas, which is rapidly becoming 
one of the most important sources of raw material for chemical synthesis. 
You have probably all read newspaper stories of the recent German patent 
by which it is possible to convert petroleum still residues, heavy crudes, and 
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even coal, by hydrogenation, into gasoline and other valuable products. 
The patents are in the hands of a great German trust; but the Standard 
Oil Co. of New Jersey has made arrangements to operate in this country. 
I understand that several plants are now under construction and some are 
actually operating. 

The International Combustion Engineering Corporation was incorpo- 
rated in 1920. There are subsidiaries engaged in the refining of coal tar and 
production of products from it. Branches are located in Canada, Europe, 
Asia, South America, Africa, and Australia. 

The Air Reduction Company was incorporated in 1925. I believe it is 
now the foremost producer of oxygen, nitrogen, hydrogen, neon, helium, 
krypton, and xenon, and liquid gases. It recently acquired the U. S. In- 
dustrial Alcohol Co., which itself was a consolidation of several companies. 

The Eastman Kodak Co. is usually thought of only as the world’s largest 
producer of kodaks and films; but it has recently expanded largely into the 
field of pure and applied chemicals. It has opened up a large plant at 
Kingsport, Tennessee, for the production of acetic acid by destructive dis- 
tillation of wood waste. Together with the Anode Rubber Co. of Great 
Britain and the Goodrich Rubber Co. it controls the process for the produc- 
tion of rubber specialties by electrodeposition. 

This tendency to consolidate into large corporations is by no means 
limited to the United States. In England there is the Imperial Chemical 
Industries which is a merger of seventy-five chemical companies in England. 
It was formed in 1926. It is the largest industrial corporation in the British 
Empire. In 1928 it was making 25,000 tons of 5000 different dyestuffs and 
intermediates. 

In Germany there is what is known as the I. G., a corporation formed, 
in 1925, of the principal organic chemical companies. It is now producing 
something like 300,000 tons of gasoline from coal by the Bergius process and 
probably will soon supply practically the whole of Germany’s needs for 
motor fuel. It recently acquired 40% of the capital stock of the Ford 
Motor Co. of Germany. It was the first to produce synthetic methanol 
industrially. It is the world’s most important producer of fixed nitrogen. 
It threatens to appear in the markets of the world with synthetic rubber. 
It controls the whole German dye industry. 

There are similar amalgamated chemical companies in France and Italy. 
It is impossible to foretell to what this pronounced trend toward centraliza- 
tion and organization is going to lead. If properly operated these great 
corporations should result in economic gains to themselves and the con- 
sumer; but on the other hand keen competition is the mainspring of prog- 
ress and it is easy to see how organization may kill competition. 

There is one new movement which could never have happened had it not 
been for these large national organizations and this is the formation of in- 
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ternational combinations for the control of production and the allotment 
of markets. Over-expansion and over-production is probably one of the 
leading causes for the present world-wide economic situation. Let us take 
as an example the dye industry. The following table shows the produc- 
tion capacity and the actual production for one year, I believe in 1928. 


Capacity Actual 

in Tons Production 
Germany 200,000 20,000 
United States 57,000 44,000 
Great Britain 40,000 17,000 
France 22,000 16,000 
Switzerland 16,000 11,000 


In 1928 the National Chemical Corporation of Germany, France, and 
Switzerland, and I believe since then Great Britain has joined, formed an 
international organization. This international organization limits the 
production of dyestuffs in each country and apportions the foreign trade. 
There is also a pooling of all research information, and patents are ex- 
changed. 

Last year a similar organization was formed to control the nitrate in- 
dustry. Every country in the world interested in the production of ni- 
trates except the United States, was a member. It created considerable 
commotion last year but has now gone to pieces due to inability to agree 
upon fundamental points and the failure of some producers to abide by the 
decisions of the organization. Through new developments Chilean nitrate 
can be produced at a reduction in cost of about 40%. It is hard to tell 
what effect this is going to have upon the extensive synthetic nitrate plants. 
I believe Germany has recently placed a high duty upon all nitrogenous ma- 
terials. Immediately after the failure of the international nitrate cartel, 
ammonium sulfate prices dropped from $32.00 per ton to $27.50. It 
looks as though the material is being dumped into this country at the pres- 
ent time. The nitrogen fixation industry in this country has grown at an 
enormous rate, however, during the last five years and will probably be 
able to withstand any shock from the outside. In 1929 we ranked ninth 
in volume of fixed nitrogen production but now we are surpassed only by 
Germany. 

There appears to be a distinct tendency toward the formation of world 
organizations to control production and distribution. I do not know of 
any such organization, however, in which companies in the United States 
are members. It looks just now as though it is developing into a situation 
of the United States against the organized world. If such should become 
the case the results are likely to be unfortunate. 

The summary of the status of the chemical industry of the world con- 
tained in the following table is instructive. 
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Net Profits Paid in 
after Depreciation Dividends 
Expressed in Millions for 1928 
Standard Oil of N. J. (U. S.) 134 36.6 
Du Pont Corporation (U. S.) 64 49.7 
I. G. (Germany) 28 27 
Allied Chemical & Dye (U. S.) 30 15.8 
Union Carbide and Carbon (U. S.) 30.6 16.2 
Imperial Chemical (England) 26 20 
Eastman Kodak (U. S.) 20 16.8 
Montecatini (Italy) 5 4.8 
Air Reduction (U. S.) wo 2 


I cannot understand what was done with the difference between net 
profits and paid dividends in the case of Standard Oil Co. 

From this table one sees that the American companies together made 
profits of about 282 millions against 59 millions for the remainder of the 
world. From these figures one could make many stories, some of them 
highly gratifying but others fraught with grave possibilities. 

Although industries have made phenomenal progress during the last ten 
years, and especially during the period from 1925 to 1930, yet there was prob- 
ably never a time when industry was less secure than now. Research is 
largely responsible for what industries are today, yet research is equally 
responsible for their instability. I shall close my remarks with a brief dis- 
cussion of this paradoxical situation. 

You are probably all familiar with what happened to the wood distilla- 
tion industry a few years ago. One of their principal products was wood 


‘ alcohol. They went to bed one night in high spirits only to wake up the 


next morning and discover that they had been floating for years upon the 
river of content and self-satisfaction but now suddenly found themselves 
caught in rapids which were likely to carry them to complete ruin. The 
German chemists had been very active during this period and had perfected 
a method for making synthetic alcohol at a price much lower than the wood 
distillers could meet. In 1930 the production of synthetic methanol was 
10,000,000 gallons, which was twice that of 1929. Now acetic acid, another 
basic product in the wood distillation industry, is being made from coke 
and lime through calcium carbide and acetylene. 

The preparation of solvents has been for years an important chemical 
industry but it has recently become especially so because of the develop- 
ment of artificial silk, plastics, paints, and varnishes which require enor- 
mous quantities of organic solvents. One solvent has been displacing an- 
other so rapidly that it is impossible to keep up with the procession. 

During the last five years, and right up to the present moment, things 
have been happening so rapidly in the paint and varnish industry that it 
has been like attempting to build on shifting sands. Before one product 
of the research laboratory could become established another has come to 
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take its place. Just the other day I was talking with a chemist connected 
with one of the paint and varnish companies in Detroit and he said it will 
be only a short time before the old-fashioned products based upon natural 
pigments, oils, and turpentine will be completely displaced by synthetic 
materials. The production of Duco lacquers increased from one-half mil- 
lion gallons in 1924 to ten million in 1926; I have no idea what it is now. 

A few years ago, you recall, there was a great scare about the supply of 
gasoline giving out. According to the views expressed then, we should 
be paying about $1.00 a gallon for gasoline now, while in reality it costs 
less now than it did then, and states are instituting government action to 
cut down production in order to force up prices. Since that time revolu- 
tionary changes have been brought about by the introduction of research 
into the petroleum industry. The amount of gasoline obtainable from a 
gallon of petroleum has been increased several hundred per cent. by the 
cracking process. Nearly 50% of the gasoline consumed today is cracked. 
What is likely to produce an even greater change is the new process dis- 
covered by Bergius of Germany for the hydrogenation of heavy oils and 
residues and even coal for the production of gasoline. This process is 
controlled by the I. G. of Germany, but some kind of a codperative research 
program between the I. G. of Germany and the Standard Oil of New 
Jersey has been in progress for about three years. It is confidently ex- 
pected the results of this research will revolutionize refining practice. This 
combination is known in this country as the Hydro Patents Company. 
Shares were sold to eighteen petroleum refining concerns in the United States. 
A similar holding company is being formed to license the I. G. standard proc- 
ess in other countries outside of Germany. These new developments are 
converting the petroleum industry into a chemical industry; and the same 
transformation is due for the coal industry. In the face of the unprece- 
dented industrial development, each year has witnessed a decrease in coal 
consumption. The coal operators are beginning to wake up to the fact 
that something must be done. Their way out is through research. 

A few years ago one of the great industries in this part of the country was 
putting up natural ice in the winter and distributing it in the summer. Ice 
was shipped from here to nearly all parts of the United States. Now you 
see the great storage houses standing empty. This industry was destroyed 
by the research of the chemist and engineer; and in its place they put the 
artificial ice plant in each local community. The tourist can now obtain 
pure ice for his thermos jug in the heart of the western desert as readily and 
at approximately the same price as in Detroit. But the research worker 
did not stop there, he started placing individual ice plants directly in private 
homes, meat markets, restaurants, hotels, etc. This means the artificial 
ice companies are likely soon to pass into history. But these individual 
refrigeration plants are electrically operated and the companies producing 





VoL 


the 
apr 


“di 
An 
du 
to 


fev 
th 
gl 
vi 


h 


ted 
vill 


ral 
etic 
nil- 


ild 








Vou. 9, No.7 RECENT DEVELOPMENTS IN A CHEMICAL AGE 1199 


them had scarcely gotten well under way before gas-operated refrigeration 
appeared on the horizon; and the chances are in its favor in the race which 
the future is sure to bring. Another competitor to artificial ice is so-called 
“dry ice,” which is solid carbon dioxide. The Dry Ice Corporation of 
America was formed in 1925, and during the intervening period this in- 
dustry has reached huge proportions. If you have your ice cream delivered 
to your home today from an up-to-date factory it comes packed in dry ice. 
But already threatening storm clouds have appeared for this industry. A 
few months ago a well was brought in in Mexico which spouts dry ice from 
the earth. This is so pure that solid chunks may be placed directly in a 
glass of water to which may be added also the proper flavoring, thus pro- 
viding one with his favorite carbonated drink. Dry ice is now being shipped 
from the hot region of Mexico to New York for refrigeration purposes. 
Within the last month I saw an announcement that a similar well has been 
located in Colorado. At about the same time there came the report from 
the Government Bureau of Chemistry to the effect that the food research 
division has developed a new type of frozen fruit pulp which promises a 
new outlet for the western fruit grower and packer, a new fruit base for 
the ice-cream manufacturer and soda fountain operator, and a new prod- 
uct for direct consumption in the home. It is claimed the product has a 
remarkably smooth texture and full retention of the original flavor. So 
far the method has been perfected for peaches, apricots, plums, cherries, 
pears, raspberries, strawberries, and grapes. It would seem that the dis- 
covery of dry ice in Colorado and Mexico, together with this development of 
frozen fruit, should work out in a coéperative manner to the great advan- 
tage of the western fruit growers. 

I stated earlier that the raw materials used by human beings in promoting 
growth and life within their own bodies are, largely, fats or oils, sugar or 
starches, and proteins. The sugars and starches are obtained directly 
from plants; while the fats and proteins come largely from animals. All 
of these are the products of the farm and produced by Nature. It appears 
from this that the human race depends upon the farmer for its very exis- 
tence. With the farmer occupying such a strategic position one might 
wonder why so much agitation in this country over the farm problem. 
There would be no farm problem if farmers could complete their organiza- 
tions so that they, themselves, could establish the prices for the products of 
their farms. Every other industry dictates to the purchaser what he shall 
pay, the farmer is the only one who has to take what the purchaser is will- 
ing to give. For years attempts have been made to form farmers’ organiza- 
tions so strong that they could completely control production and distribu- 
tion and thus establish the prices which the remainder of the human popu- 
lation must pay for what they eat and wear. Distinct progress has been 
made along this line and its accomplishment is highly probable. 
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Should such a situation arise, however, chemistry would probably be 
used to save the day for the urban population. I mentioned earlier that 
the chemist has not been able to duplicate the processes of Nature in the 
preparation of fats, starches, and proteins; but, if dire necessity demanded, 
I have no doubt that chemistry would come to the rescue. 

An interesting paper along this line by W. I. Hale, research director of 
the Dow Chemical Co., appeared in the December, 1930, issue of the Jn- 
dustrial and Engineering Chemistry. It is entitled “When Agriculture 
Enters the Chemical Industry.’’ The whole tone of the article is that even 
now agriculture is at the mercy of chemistry and yet chemistry will be ulti- 
mately the salvation of agriculture. Dr. Hale considers agriculture is solely 
an organic chemical activity. The farmer produces organic chemical mix- 
tures consisting chiefly of fats, carbohydrates, and proteins. Most of the 
efforts toward farm relief have been in the direction of increased prices and 
decreased product. Dr. Hale states that this is directly opposed to what 
must and will happen. The price of farm produce should be, according to 
him, determined solely by its chemical value. It is pointed out that a bushel 
of corn yields 30 lb. of starch worth 3 cents a pound. On this basis corn 
should sell at 40 to 50 cents. One might say the price of starch should be 
increased; but this in turn is determined by the price of dextrose. Dex- 
trose can be prepared from waste wood by the new Bergius process at 1.5 
cents a pound which is equivalent to only one cent a pound for starch. And 
this is no speculative dream. Plans are now being considered for the con- 
struction of a plant in this country to make dextrose by the Bergius method. 

A few years ago about forty millions of bushels of corn were fermented to 
make alcohol. Anti-prohibitionists are telling the farmers that prohibition 
is responsible for the loss of this market. This is not true; the reason why 
corn is not used today in the fermentation industry is because a cheaper 
source of raw material was found in blackstrap molasses. This fact is 
realized by the farm element in Congress and an attempt was made last 
year to place such a high tariff on blackstrap molasses, which is largely im- 
ported, as to force the alcohol manufacturer again to use farm products as 
raw material. The chemists entered the discussion and pointed out that a 
high tariff would not benefit the farmer because the chemist has prepared 
alcohol from ethylene, and within a year alcohol will be produced from this 
source at 18 cents a gallon; at that time it was selling for 45. This will 
mean the ruination of the fermentation industry; it is, also, something for 
the petroleum industry to think about. 

These figures look bad for the starch-producing phase of agriculture. 
The fats and oil phase has been for several years in competition with chem- 
istry through the synthetic production of lard and butter; and I believe 
agriculture is fighting a losing battle. As Dr. Hale states, synthetic chem- 
istry has never lost a battle with natural products. 
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The third phase of agriculture, namely, the production of proteins, has 
had, so far, practically no competition with synthetic chemistry, but a few 
clouds are appearing above the horizon. At the Atlanta meeting of the 
American Chemical Society, Dr. Wesson presented his audience with tasty 
sandwiches spread with ‘‘synthetic boloney,’’ a high-protein concen- 
trate made from cottonseeds. The September, 1931, issue of the News 
Edition of Industrial and Engineering Chemistry contains this announce- 
ment: 


Coal chemistry has already advanced to the point where, by tech- 
nically practicable processes, it is possible to obtain directly from 
coal and coke such substances as are used by nature in the synthesis 
of the animal and human body. Work in this direction has been 
prosecuted in the Gesellschaft fiir Kohlentechnik for more than a 
decade, and it has bridged the gap between chemicals and the materials 
occurring in coal, which falls within the range of protein formation. 
When one considers that even today, in purchasing a living animal 
which contains approximately 18% protein one must pay 5.50 marks 
a kilogram for protein, and that protein in meat and eggs costs from 
12 to 15 marks a kilogram, it is evident that protein—at least in the 
form at present obtainable—can be produced industrially from coal 
at a price to compete. One cannot at present imagine artificial sub- 
sistence, but surely a definite direction is being marked in this field, 
and it is shown that the production of albuminous materials from a 
coal base is ready to be disclosed. 


For some years people have been encouraged to eat large quantities of 


’ carrots, lettuce, spinach, milk, oranges, yeast, cod-liver oil, etc., in order to 


secure enough of the various vitamins which the chemist has shown to be 
essential to good health. But this is all rapidly changing. The chemist 
is rapidly devising ways of extracting the precious vitamins and some may 
be obtained now in the form of tablets. It is very likely that they will 
soon be prepared synthetically. 

If mental processes are the result of chemical reactions, and I must con- 
fess I do not see what else they can be, it is possible the chemist of the future 
will determine what chemicals are involved in the different types of mental 
processes and will be able to control these processes. Doctor Bancroft 
has recently shown that definite chemicals will remove certain types of 
insanity, and also that a normal person may be made temporarily insane 
by known chemicals. 

This is truly the age of chemistry and research, and, though the chemist 
has made marvelous progress during the last few years, he has in reality 
barely started his work. Those who believe that prosperity such as we 
have had in the past will never come again have not reckoned with the 


chemist. 
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MICHAEL FARADAY 


The Pickersgill portrait, which hangs in the hallway of the Royal Institution, 
was painted in 1830, about one year before Faraday discovered the phenomenon of 
electromagnetic induction. 
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On August 29, 1831, Michael Faraday discovered the principle of electro- 
magnetic induction, the principle which makes possible the long-distance 
transmission of power and the production of the high frequencies which are 
used in radio—to mention only two of its important applications. This dis- 
covery and Faraday’s other discoveries in electricity, in particular that which 
led to machines for producing electricity from motion, have altered the whole 
face of our civilization. Among the things which we have and use and do which 
our grandfathers didn’t, there is scarcely one which does not involve a principle 
which was discovered by Michael Faraday. 

In celebration of the centenary of Faraday’s discovery, the Royal Institution 
of Great Britain entertained guests and delegates during the week of September 
21, 1931. More than two hundred delegates attended from the leading uni- 
versities, scientific societies, and academies of the whole world. The Institu- 
tion of Electrical Engineers met in London at the same time and opened in the 
Albert Hall an Electrical Exposition at which Faraday’s apparatus was shown 
and his experiments and those of others were demonstrated and their later ap- 
plications and developments exhibited. The principal public buildings of 
London were flood-lighted at night. Many of the speeches were broadcast, 
among them Sir William Bragg’s lucid account of the simple and fundamental 
experiments of Faraday. Portraits of Faraday were exhibited in the shops. 
Posters of Faraday were on display in the subways, on buses, and on bill- 
boards. The London Times published a supplement, fully illustrated, con- 
taining articles on Faraday, his discoveries, and the consequences of his dis- 
coveries. During the next week the British Association for the Advancement of 
Science met in London, and during the next the Clerk-Maxwell Celebration 
took place at Cambridge. The series of events constituted a remarkable scien- 
tific jubilee. The present paper deals only with the Faraday Celebrations. 


The Discovery of Electromagnetic Induction 


At the time of the discovery of electromagnetic induction, Faraday was 
in the prime of his life and had already made many distinguished contribu- 
tions to knowledge. He had liquefied chlorine in 1823, and had isolated 
and studied benzene in 1825. His discovery of the laws of electrolysis came 
a little later, in 1834, and that of the effect of magnetism on polarized light 
in 1845. 

Faraday was born September 22, 1791, in the same year in which Gal- 
vani wrote his memoir, “De viribus electricitatis in moto musculari commen- 
tarius” (On the forces of electricity in muscular movement), and knowledge 
of the electric current may properly be said to be coeval with him. He was 
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a boy of nine when Volta described his pile in a letter to Sir Joseph Banks. 
He grew up while the forces of electricity and magnetism were still not 
known to be related. 

On July 21, 1820, the Danish physicist, Oersted, made the observation 
that a wire carrying a current causes the deflection of a nearby magnetic 
needle. Scientists everywhere began experimenting with the effect, and 
before the year was ended the discoveries had been made from which the 
principles of electromagnetism were to be inferred. De la Rive in Switzer- 
land was the first to give a public demonstration of Oersted’s experiment. 
Schweigger, at Halle, made the first galvanometer. In France, in 1820, 
Ampére, Arago, Savart, and Biot all began to work on electromagnetism. 
Ampére recognized that the electromagnetic force is tangential to the con- 
ductor and at right angles to the di- 
rection of the current, and Arago, 
following up some experiments with 
Gay-Lussac, demonstrated the mag- 
netization of a needle placed within 
a spiral of wire carrying a current. 
In Thomson's Annals of Philosophy 
for 1821, Faraday published an his- 
torical survey of the evolution of 
electromagnetism. He repeated 
many of the experiments and toward 
the end of the year, in his first work 
on electromagnetic problems, was able 
to realize the continuous rotation of a 

THE First TRANSFORMER magnet around a wire carrying a cur- 

The original coils with which Faraday rent and the continuous rotation of a 
demonstrated electromagnetic induction . i 
in 1831. wire carrying a current around a mag- 

net. As early as 1822, Ampére pro- 
duced an electric current inductively in a loop of wire by means of a current 
in another loop near to the first. At about the same time he studied the at- 
traction and repulsion of conductors. In 1824 Arago observed the damping 
effect of a plate of copper on an oscillating magnetic needle, and in 1825 
Herschel and Babbage caused a pivoted copper disk to move by spinning 
a magnet near it. In the same year Sturgeon presented the first electro- 
magnet ever made to the Royal Society of Arts. In 1829 Joseph Henry of 
Albany, New York, made his famous electromagnet which had four hundred 
turns of silk-covered copper wire and was capable of sustaining fifty times 
its own weight. The way was paved for the discovery of electromagnetic 
induction. As has often happened in the history of science, several minds 
were puzzling over the question. 
It has been asserted that the Venetian priest and physicist, Francesco 
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Zantedeschi, published papers in 1829 and 1830 on the production of elec- 
tric currents in closed circuits by the approach and withdrawal of magnets. 
Joseph Henry in August, 1830, sent a momentary current through the coils 
of one of his electromagnets and detected a current in a wire wound around 
the armature of the magnet, but failed to publish his discovery promptly 
and neglected to follow it up at once with further experimentation. Fara- 
day was not the first to observe electromagnetic induction. But there is 
no doubt that he discovered it independently, and none that the announce- 
ment of his discovery, and his own further investigation and elucidation of 
it, determined the course of the history of electrical science. The notes in 
his diary are as follows. 


Aug. 29th, 1931. 

1. Expts. on the production of Electricity from Magnetism, etc., 
etc. 

2. Have had an iron ring made (soft iron), iron round and 7/3 inches 
thick and ring 6 inches in internal 
diameter. Wound many coils of 
copper wire round one half, the coils 
being separated by twine and calico 
—there were 3 lengths of wire each 
about 24 feet long and they could be 
connected as one length or used as 
separate lengths. By trial with a 
trough each was insulated from the 
other. Will call this side of the 
ring A. On the other side but 
separated by an interval was wound 
wire in two pieces together amount- 

















ing to about 60 feet in length, the Corts MaDE BY JOSEPH HENRY IN 
direction being as with the former 1835 ror SrupyING SELF INDUCTION 
coils; this side call B. AND MuTUAL INDUCTION 

3. Charged a battery of 10 pr. Henry took these coils to England 


plates 4 inches square. Made the in 1838 and presented them to Wheat- 
coil on B side one coilandconnected __ stone. 

its extremities by a copper wire 

passing to a distance and just over a magnetic needle (3 feet from iron 
ring). Then connected the ends of one of the pieces on A side with 
battery; immediately a sensible effect on needle. It oscillated and 
settled at last in original position. On breaking connection of A side 
with battery again a disturbance of the needle. 

4. Made all the wires on A side one coil and sent current from bat- 
tery through the whole. Effect on needle much stronger than before. 

5. The effect on the needle then but a very small part of that which 
the wire communicating directly with the battery could produce. 

6. Changed the simple wire from B side for one carrying a flat helix 
and put the helix in the plane of the Mag. Meridian to the west of the S 
pole of the needle, so as to shew best its influence when a current 
passed through it—the helix and needle were about 3 feet from the iron 
ring and the ring about a foot. from the battery. 
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FACSIMILE OF THE PAGE oF FARADAYS’S DIARY ON WHICH THE DISCOVERY OF 
ELECTROMAGNETIC INDUCTION Is RECORDED 
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7. When all was ready, the moment the battery was communicated 
with both ends of wire at A side, the helix strongly attracted the needle; 
after a few vibrations it came to a state of rest in its original and 
natural position; and then on breaking the battery connection the 
needle was as strongly repelled, and after a few oscillations came to rest 
in the same place as before. 

8. Hence effect evident but transient; but its recurrence on break- 
ing the connection shews an equilibrium somewhere that must be 
capable of being rendered more distinct. 

9. The direction of the pole toward the helix was, when the contact 
was first made, as if the helix around B was a part of that at A, 7. e., the 
electric currents in both were in the same direction;* but when the 
contact with the battery was broken the motion of the needle was as if 
a current in the opposite direction existed for a moment.** 


The making and breaking of the current through the A coil produced 
momentary currents in the B coil. But it was not yet apparent to Faraday 
that it was the waxing and waning of the magnetism of the ring which pro- 
duced the currents in the B coil. It was not yet apparent that the effect 
was really due to electromagnetic induction. On the next day, August 30, 
Faraday experimented with a short iron cylinder, 7/3 inch thick and 4 
inches long, around which four pieces of wire each about 14 feet long had 
been coiled. He obtained induced currents and concluded that a ring 
magnet was not necessary. He suspected electromagnetic induction, but 
was unable to produce induced currents by bringing the poles of permanent 
magnets into contact with the iron cylinder. 


18. Took the iron cylinder and connecting two of the wires into one 
helix and the other two into another, connected one of these helices 
with the flat spiral and needle and the other with the battery—im- 
mediately a sharp short pull upon the needle, the effects being exactly 
as before but not so strong. Hence a ring magnet is not wanted. 

19. Brought the poles of strong magnets in contact with the ends 
of the iron cylinder, but found no difference upon the needle at the flat 
spiral—all the effects seem due to the electrical current only. 


On September 24, Faraday made this same iron cylinder a part of a 
magnetic circuit by placing the north pole of one bar magnet in contact with 


* This means that the currents in the coils, A and B, were such that they exerted 
opposing magnetic effects. In paragraph 12 of his notes for the same day, Faraday 
describes an experiment in which ‘‘on making all the wire around the iron ring one helix 
and sending current from battery through it” the iron ring showed four magnetic poles, 
two north and two south. When Faraday says then that the two coils, A and B, are 
wound in the same direction, he means the same direction, not from the point of view 
of one who goes around the ring, but the same direction, clockwise or anti-clockwise, 
from the point of view of an observer who looks at the ring along the direction of the 
diameter which lies between the two coils. 

** That is, as if a current, tending to continue the magnetic effect of the now broken 
primary current, existed for a moment. 
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one end of it and the south pole of another bar magnet in contact with the 
other, the other ends of the two bar magnets being brought together, and 
found that induced currents were produced when the magnetic circuit was 
made or broken. This was really the discovery of electromagnetic induc- 
tion. 

33. The iron cylinder and helix Z. All the wires were made into 
one helix and these connected with the indicating helix at distance by 
copper wire: then the iron placed between the poles of bar magnets 
as in former expt. and in fig. Every time the magnetic contact at V 
or S was made or broken there was magnetic motion at the indicating 
helix, the effect being as in former cases not permanent, but a mere 
momentary push or pull. But if the electric communication (7. e., 
by the copper wire) was broken then these disjunctions and contacts 
produced no effect whatever. Hence here distinct conversion of 
Magnetism into Electricity. 


The Royal Institution 


The Royal Institution of Great Britain was founded by Count Rumford 
in 1799. This remarkable man had recently returned to London after or- 
ganizing the army and administration of the Duchy of Bavaria. He was 
full of humanitarian schemes, and had published a fifty-page pamphlet 
entitled “‘Proposals for forming by Subscription in the Metropolis of the 
British Empire A Public Institution for diffusing the knowledge and facili- 
tating the general introduction of Useful Mechanical Inventions and Im- 
provements, and for teaching, By courses of Philosophical Lectures and 
Experiments, The Application of Science to the Common Purposes of Life.” 
At a meeting of The Society for Bettering the Condition of the Poor, it was 
decided to put the proposals into effect and the new Institution was founded. 
On June 29, 1799, the Earl of Winchilsea, as president, informed the 
Managers of the new foundation that he had had the honor of mentioning it 
to His Majesty King George III, who had been graciously pleased to 
honor it with his patronage and to allow it to be called the Royal Insti- 
tution. It was incorporated on January 20, 1800, and arms, crest, and 
supporters were granted on January 31. 

The present house of the Royal Institution on Albemarle Street, W1, 
was purchased in 1799 and has remained outwardly unchanged since that 
time. The interior has been recently reconstructed in harmony with the 
older rooms, the beautiful old entrance hall and staircase being practically 
unaltered and a new entrance hall added. The lecture theater, which was 
built under the personal direction of Count Rumford in 1802, has been re- 
built out of concrete and fireproof material, and provided with new exits, 
but otherwise it appears as it did when Davy and Faraday lectured in it. 
The lecture table is the same at which a brilliant succession of scientific men 
have demonstrated their experiments over a period of a hundred ad thirty 
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THE BUILDING OF THE ROYAL INSTITUTION AT 21 ALBEMARLE STREET 


years. Beneath and behind the seats of the lecture theater, a semi-circular 
ambulatory has been built, opening at both ends upon the hallway outside 
the theater, and equipped with glass cases in which historic apparatus is 
exhibited. 

Count Rumford lived for a time in the house of the Royal Institution 
and took immediate charge of its affairs. He appointed and quarreled 
with Thomas Garnett, M.D., the first professor of natural philosophy and 
chemistry, and in February, 1801, secured the appointment of Humphry 
Davy, then a young man only twenty-three years of age, as assistant lec- 
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turer on chemistry, director of the chemical laboratory, and assistant editor 
of the Journals. In July, 1801, Dr. Thomas Young, recommended by Sir 
Joseph Banks and reported by Count Rumford as ‘‘a man of abilities equal 


to these undertakings,” was made professor of natural philosophy, editor 


of the Journals, and superintendent of the house, with rooms. During 
1802 and 1803, Young gave extensive courses of lectures on natural philoso- 
phy, which he afterward published in 1807, including in the section on 
optics an exposition of his views on the undulatory theory of light and the 
principle of interference. He gave up the professorship in 1803. Count 
Rumford left England for France in 1802, never returning, but he retained 
his interest and some of his authority in the Royal Institution for about 
two years longer. The school of mechanics, the workshops, the collection 
of models, and the experimental kitchen which he had projected did not 
materialize. The lectures, the laboratory, and the library became the 
dominating features of the Institution. The genius and foresight of Davy 
brought about fundamental changes. In 1810 the scope of the Royal In- 
stitution was enlarged by Act of Parliament, and its two-fold purpose of 
scientific research and exposition was defined and established. 

An attempt to survey even briefly the history of the Royal Institution 
would increase the length of the present paper beyond all bounds. We con- 
tent ourselves with a mention of some of the men who have contributed to 
its glory. 

Sir Humphry Davy was professor of chemistry from 1802-1813, and 
Honorary Professor for ten years longer. His brilliancy as a lecturer at- 
tracted large audiences, and his researches established the scientific reputa- 
tion of the Royal Institution. 

William Thomas Brande succeeded Davy as professor of chemistry in 
1813, at which time Davy went on the European tour upon which Faraday 
accompanied him. Brande remained in the Chair of Chemistry until 1852, 
and for many years edited the Quarterly Journal of Science which was pub- 
lished by the Institution. 

Michael Faraday was engaged as laboratory assistant to Davy early in 
1813. After returning from a tour of Europe with Davy, he served as 
laboratory and lecture assistant to Brande. On his marriage in 1821, he 
brought his wife to live at the Institution and was appointed Superintendent 
of the House. In 1825 he became Director of the Laboratory, and, on the 
endowment of the Fullerian professorships by the gift of John Fuller in 
1833, he was appointed the first Fullerian Professor of Chemistry. He re- 
tained this appointment until the end of his life. Faraday originated the 
Friday Evening Meetings of the Members and the Christmas Lectures for 
Juveniles of which he gave nineteen courses himself. 

John Tyndall was professor of natural philosophy from 1853 to 1887. 
He was Faraday’s colleague in the work of the Institution for fourteen 
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years, until the latter’s death in 1867, when Tyndall succeeded him as 
Superintendent of the House. He was a lucid and popular lecturer and 
writer on science. During his professorship he carried out important re- 
searches on radiant heat, on glacier ice, and on many other subjects. His 
name is attached to the ‘““Tyndall effect.” 

John William Strutt, third Lord Rayleigh, was professor of natural phi- 
losophy in the Royal Institution for eighteen years, from 1887 to 1905. 
During this period he did much of his most important research. His paper 
on argon, published jointly with Sir William Ramsay, appeared in 1895. 

Sir James Dewar was Fullerian Professor of Chemistry for forty-six 
years from 1877 to 1923, and succeeded Tyndall as Resident Professor and 
Superintendent of the House in 1877. His scientific work covered a broad 
field, and his lectures were marked by the brilliancy of his experimental 
demonstrations and his remarkable manipulative skill. 

Sir William Bragg succeeded Dewar as Fullerian Professor of Chemistry. 
He is at present Resident Professor and Director of the Davy Faraday Re- 
search Laboratory which was established in 1896, by the munificence of Dr. 
Ludwig Mond, in the building adjoining the house of the Royal Institution. 
The research activities of the laboratory are at present largely directed to 
the elucidation of the structure of crystals and of solid substances in general 
by the method of X-ray analysis which has been developed by Sir William 
Bragg and his son, Professor W. L. Bragg. 

Lord Rutherford of Nelson became professor of natural philosophy in 
1921, succeeding Sir Joseph John Thomson, who is now Honorary Professor. 
John B. S. Haldane is Fullerian Professor of Physiology. 


The Program of Entertainment for the Delegates 


The Royal Institution gave splendid hospitality to the delegates who at- 
tended the Faraday Celebrations, a hospitality which commenced before 
the delegates arrived in London and continued after their return home. 
The Preliminary Program was sent out about a month before the Celebra- 
tions and was followed by an identification card, signed by the Secretary 
of the Royal Institution, to facilitate the passing of the British Customs. 
After arriving in London, each delegate received the Final Program, various 
cards, tickets, etc., and a list of all the delegates and guests with their 
London addresses. During the week of the Celebrations, the house of the 
Royal Institution was virtually a club-house for the delegates, its reading 
and writing rooms being available for their use. Tea was served each 
afternoon. Sightseeing trips and excursions were arranged to points of 
interest in London and the surrounding country. On these the delegates 
were often given privileges not granted to the ordinary tourist. For ex- 
ample, the delegates were allowed to visit the King’s library at Windsor 
Castle. The Royal Institution presented each delegate with a book con- 
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taining reproductions of portions of Faraday’s diary. The Royal Automo- 
bile Club made them temporary honorary members, the Institution of Elec- 
trical Engineers invited them to a private viewing of the Faraday Centenary 
Exhibition in the Royal Albert Hall, and the British Association for the Ad- 
vancement of Science gave them the privileges of its centenary meeting, 


After returning home, they received a copy of the Electrical Times of Sep-> 


tember 24, 1931, containing articles on Faraday and a reproduction in 
color of Harcourt’s portrait of him, also from the British Broadcasting 
Corporation Sir William Bragg’s broadcast lecture on Michael F araday in 
the form of an illustrated pamphlet which would be a valuable addition to 
any scientific library. 

On Monday, September 21, the London Times issued a supplementary 
Faraday Number abundantly illustrated and containing articles on Faraday 
and on electrical subjects by Wilhelm Ostwald, Lord Rutherford, Sir Wil- 
liam Bragg, Sir J. J. Thomson, Sir Oliver Lodge, Sir Robert Hadfield, Sir 
Ambrose Fleming, Professor P. Debye, the Marchese Marconi, Sir Richard 
Gregory, Colonel R. E. Crompton, Sir Robert Robertson, Professor P. 
Zeeman, Professor F. C. Donnan, and other distinguished men of science. 

On Monday afternoon the delegates met in the amphitheater, in the same 
room where Faraday had lectured, the same lecture table in front of them, 
and were there received by the officers of the Royal Institution. Eleven 
new foreign honorary members were named, among them four Americans: 
Howard McClenahan, Michael Pupin, Elihu Thomson, and R. W. Wood. 
In the evening at a commemorative meeting in Queen’s Hall, we heard 
speeches by the Prime Minister J. Ramsay MacDonald, the duc de Broglie, 
the Marchese Marconi, Professors Elihu Thomson, Zeeman, and Debye, 
Lord Rutherford, Sir William Bragg, and Lord Eustace Percy, President 
of the Royal Institution. These were broadcast to all parts of the world. 
Professor Thomson’s grandchildren on this side of the water heard their 
grandfather talk in London. 

On Tuesday evening the Royal Institution held in its house a conversa- 
zione (or reception, as we say in America) and the Institution of Electrical 
Engineers held another in the Royal Albert Hall. All parts of the Royal 
Institution building were open to the guests, the laboratories, the work- 
shops, and the Director’s flat on the second floor, in which is Faraday’s 
study and much of the furniture which he used. Historic apparatus of 
Faraday, Davy, Rumford, Young, Tyndall, Rayleigh, and Dewar was ex- 
hibited in the ambulatory, back of the amphitheater, as well as personal 
mementos of Faraday, the Bible which he bound himself and used and 
annotated, decorations which he received, pieces of jewelry which he gave 
to his wife, and the little boxwood model, representing the lines of force 
around a conductor, which he habitually carried in his pocket and held in 
his hand while lecturing. Twice during the evening Sir William Bragg 

















Vou. 9, No. 7 THE FARADAY CELEBRATIONS, 1931 1213 








LECTURE THEATER 


gave his fascinating lecture on Faraday’s discoveries, speaking at the same 
lecture table where Faraday used to speak and demonstrating his experi- 
ments in part with the same apparatus. 

On Wednesday morning the delegates were given a private view of the 
Faraday Exhibition in the Royal Albert Hall. In the afternoon the opening 
ceremonies of the Exhibition took place. Thursday afternoon the dele- 
gates were the guests of Sir Joseph Petavel at a garden party at Bushy 
House and were given an opportunity to visit the National Physical Labo- 
ratory. In the evening a reception in the rooms of the Royal Society at 
Burlington House provided another opportunity for conversation with men 
of science from everywhere, but it was an opportunity which would have 
been embraced more readily if so many epoch-making objects of the history 
of science had not been exposed for examination. Faraday’s notebook 
lay open on the table and could be handled. There was Hauksbee’s air 
pump, Cavendish’s balance, Priestley’s electrical machine, Wollaston’s 
battery, the chronometers of Captain Cook, the original model of Davy’s 
safety lamp, and a collection of radiometers which belonged to Crookes. 
There were manuscripts of Boyle, Flamsteed, Halley, Hooke, Huygens, 
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AMBULATORY 


Leeuwenhoek, Leibnitz, and Newton—the original manuscript of the 
Principia—and everywhere paintings of men whose names are chapter head- 
ings in the history of science. It was thrilling to be in this temple of 
science, surrounded by the authentic relics of the great men who have con- 
tributed to the purposes of humanity. We had been inspired by West- 
minster Abbey, impressive with its monuments to those who had built the 
British Empire by solidifying and propagating the English ideals and lan- 
guage. We had been depressed by St. Paul’s Cathedral which appears to 
commemorate only naval and military heroes, authors of glory and dis- 
content, of splendor and suffering. But the rooms of the Royal Society 
affected us as nothing else in England or in Europe did. Empires pass 
away. Old religions, even, become unfashionable. The relics which are 
collected in the rooms of the Royal Society will themselves disappear in the 
flux of time. But the things which they symbolize, man’s desire to know 
and man’s slow but certain success in the fulfilment of that desire, these 
things will never die until the last man loses interest in his environment and 
humanity vanishes altogether. 
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On Friday evening, 
September 25, His Maj- 
esty’s Government en- 
tertained the delegates 
with a dinner at the 
new Dorchester Hotel, 
a fine dinner, a dinner 
impossibly fine to an 
eighteenth-amendment, 
twentieth-century, 
American hotel. There 
were speeches by the 
Marquis of Reading, 
who presided, by Sir 
Robert Robertson and 
Clifford C. Patterson, 
by P. J. Pybus, Dr. 
Howard McClenahan, 
Prince P. Ginori Conti, 
and Professor Sem 
Saeland. All spoke in 
praise of Faraday, and 
the last three, who re- 
plied to the toast “Our 
Guests,’’ spoke also in 
praise of the fine hospi- 
tality which had been 
given to the delegates. 


The Exhibition at the 
Royal Albert Hall 


The Faraday Cen- 
tenary Exhibition, or- 
ganized by the Royal 
Institution with the 
codéperation of the In- 
stitution of Electrical 





MARBLE STATUE OF FARADAY WHICH STANDS IN THE 
HALLWAY OF THE ROYAL INSTITUTION 


A replica of this statue stood at the center of the Royal 
Albert Hall during the Faraday Centenary Exhibition. 


Engineers and the Federal Council for Chemistry, was designed to exhibit 
the fundamental discoveries of Faraday and to show the many applica- 
tions, important for our present mode of life, which have resulted from 
them and from the cognate discoveries of other investigators. A statue of 
Faraday, a replica of that which stands in the hallway of the Royal Insti- 
tution, was erected upon a platform in the center of the huge elliptical, 
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GENERAL VIEW OF THE EXHIBITION IN THE Roya ALBERT HALL 


nearly circular, hall. The remaining space was divided into eight segments, 
each segment made up of three stands, those nearest the center of the hall 
being devoted to the exhibition or demonstration of Faraday’s discoveries, 
often with his own apparatus, the next to later scientific developments and 
practical applications, and the outermost to industrial utilization. The 
hall was filled with shadowless illumination by light reflected from a ve- 
larium which covered the whole ceiling. 

Glass cases on the top and sides of the central platform contained ap- 
paratus and other mementos of Faraday, several pieces of apparatus which 
he used in his experiments on electromagnetic induction, the ring of August 
29, 1831, the induction helix and magnet, the galvanometer, and the 
earth inductor, specimens of the heavy glass and sealed bulbs of gases and 
vapors which he used in his experiments on diamagnetism, a sample of 
the original benzene of 1825, crystals of ‘‘perchloride of carbon” (hexa- 
chloroethane) in the original globe and of ‘‘protochloride of carbon”’ (tetra- 
chloroethylene) in the original tube, “‘soluble gold,”’ tubes of liquefied gases, 
a compressing pump for the condensation of gases, electrolysis apparatus, 
spheres and molds for the study of specific inductive capacity, the battery 
trough which Davy used for the decomposition of potash, Faraday’s ‘‘Ex- 
perimental Notes,’’ his diary, and his commonplace book, some of his 











VoL 


me 
vol 











— 


Sv —=— ~~ 














VoL. 9, No. 7 THE FARADAY CELEBRATIONS, 1931 1217 





medals and orders, the 
volume of his notes on 
Davy’s lectures which 
he bound himself, the 
manuscript of his 
“Chemical Manipula- 
tion,’ and autograph 
letters to Faraday 
from Dickens, Joule, 
Ampére, Oersted, Maxwell, Thomson (afterward Lord Kelvin), and others. 
Indeed, the mere enumeration of these exhibits suggests the whole biog- 
raphy, both private and scientific, of Michael Faraday. 

At a stand devoted to Electrical Science before 1831, a frictional electric 
machine constructed by Nairne for Sir Humphry Davy was set up, and 
Oersted’s experiment, the floating helix of de la Rive, Roget’s spiral, Bar- 
low’s wheel, Faraday’s rotating ‘‘crank’’ wire and other rotation experi- 
ments, Ampére’s bucket, and Arago’s disk were demonstrated. Beyond 
this, a stand devoted to Electrical Measurements and Transformers, ar- 
ranged by Robert W. Paul on behalf of the British Electrical and Allied 
Manufacturers’ Association, Inc., contained many original instruments for 
electrical measurements and many replicas, from the simplest electrostatic 
instruments to the most improved modern devices. Another stand, de- 
voted to the Generation of Electricity, exhibited the dynamos of Saxton 
(1833), Pacinotti (1860), Wilde (1863-5), Wheatstone (1867), Siemens 
(1869), Gramme (1870), a 
Brush arc lighting generator 
(1878), a Crompton-Biirgin 
D.C. generator (1881), and 
a Ferranti single-phase disk 
alternator (1882), 

Other stands were devoted 
to the Effect of Induced Cur- 
rents, to Faraday’s Dis- 
coveries of 1831, to his Re- 
searches in Magnetism, 
Chemistry, Electrochemistry 
and Electrostatics, to the 
Electric Discharge, to the 
Transmission and Distribu- 
tion of Electricity, the Grid 
THe ORIGINAL RESISTANCE BOx CONSTRUCTED BY ‘Transmission System, Elec- 

WHEATSTONE IN 1848 : - : 
tric Lamp Manufacture, 
Electricity in Transport and 














THE ORIGINAL WHEATSTONE BRIDGE CONSTRUCTED BY 
WHEATSTONE IN 1843 

















The unit of resistance is a mile of wire of specified 
size and material. 
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in the Home, Electric Heat in Industry, Chemistry (steel, benzene, lique- 
faction of gases, glass, catalysis, colloidal metals), Electrometallurgy (elec- 
troplating and electrodeposition, electrolytic production of metals, electro- 
metallurgy and other electrochemical industries), Broadcasting Trans- 
mission and Reception, Telegraphy, Telephony and Radio, and to Radiology 
—all of them being arranged with the same attention to detail as those 
which have been described—and everywhere original apparatus and ma- 
terial to illustrate the simple scientific discoveries from which the practical 
applications have come. 

The Welcome Historical Medical Museum had set up a reproduction of 
Faraday’s laboratory in the King’s Room near the entrance to the Hall. 
Professor William Cramp gave two lectures on Michael Faraday. Each 
day of the Exhibition (except Thursday, the 24th) a talking picture was 
shown, of which the Souvenir Catalogue gives the following description. 


The Film, which was produced by the British Thomson-Houston Com- 
pany and presented to the Faraday Centenary Exhibition Committee, 
is a talking film, in which Sir William Bragg tells the story of Faraday 
—his humble origin, his work as a journeyman bookbinder, his appoint- 
ment as a laboratory assistant at the Royal Institution, at 25s. a week 
with two rooms at the top of the house, and his subsequent epoch- 
making work as an experimenter and philosopher. 

The film first shows Sir William Bragg speaking at Faraday’s own lec- 
ture table; we see the actual notebooks in which Faraday wrote up 
notes of the first lecture he ever attended, given by Sir Humphry Davy 
in 1812, and experiments made by Sir William Bragg to illustrate his 
talk. Later in the film the crucial work of Faraday in 1831 is de- 
scribed; we see Faraday himself working in his laboratory and trying 
to find the connection between magnetism and electricity. Now the 
experiment is made, but the result Faraday is looking for is not found 
because he does not realize that it is a transient effect—then we see him 
observe the movement of the compass needle as he breaks the connec- 
tion, and the great discovery is made. 

We also see Faraday showing the lines of force from a magnet; and, 
finally, as Sir William Bragg pictures the consequences of Faraday’s 
work, we see and hear electric trams, motors in factories, cranes in 
movement—all operated by the electrical energy which Faraday’s 
discovery has enabled us to produce on a large scale. 


The visitor, leaving the Exhibition and plunging into the busy bustle of 
London, found himself still attending a Faraday exhibition, for the color 
and noise and light and movement of the great city seemed to be merely ad- 
ditional exhibits of the consequences of the discoveries of Michael Faraday. 

The author wishes to make grateful acknowledgment to the Managers of the 
Royal Institution for kind permission to publish the pictures of the Royal 
Institution, of Faraday’s coil, and of the statue and portrait of Faraday, and 
to Robert W. Paul, Esq., for his kindness in supplying original photographs 
for illusirations on pp. 1205, 1216, 1217. 
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MOLECULAR FRAGMENTS AND OXIDATION PROCESSES* 


Joun R. BATES, PRINCETON UNIVERSITY, PRINCETON, NEW JERSEY 


Oxidation processes play an important réle in furnishing energy for all 
purposes. The use of these processes would be much benefited by an exact 
knowledge of their mechanism. Evidence is presented to show how important 
atoms and radicals are becoming in our concept of the steps by which chemical 
reactions take place. Specific examples of oxidation reactions which we are 
beginning to understand on this basis are discussed, together with the general 
grounds for our assumptions of the existence of such molecular fragments. 
The réle of catalysts in the formation and removal of these fragments and the 
resultant effect on reaction rate ts described. 


The principal source of the world’s energy is the result of the oxidation, 
or combustion, of naturally occurring substances. In fact, aside from 
water power, this is almost the sole source upon which we draw to main- 
tain our industrial civilization. The abundance of coal, wood, and petro- 
leum products, together with oxygen in the air, is, of course, the reason for 
this. In combustion, those oxidation reactions which occur partly or en- 
tirely in the gas phase are, perhaps, of the greatest importance. Even in 
the case of coal and wood much of the reaction occurs after volatilization 
or partial combustion of the material to give gaseous substances which react 
with the oxygen. In these reactions we know the initial and final products, 
but to be able to control and utilize the processes to the utmost, we should 
also find the intermediate steps and the mechanism whereby they occur. 
For example, a mixture of oxygen and carbon monoxide, or hydrogen, or a 
hydrocarbon, will remain apparently inert under certain conditions, al- 
though it is known that such mixtures are not in their equilibrium condi- 
tion. The introduction of certain surfaces or a rise in temperature will 
start a reaction to true equilibrium with the evolution of large amounts of 
energy, sometimes so rapidly as to give rise to an explosion, but also at 
times at quite low speeds. It is only by a knowledge of the mechanism 
that we can properly account for such phenomena. In addition, these proc- 
esses are extremely sensitive to small amounts of various substances. 
Carbon monoxide and oxygen may be raised to much higher temperatures 
without explosion in the absence of water vapor. Similarly the reaction 
between hydrogen and oxygen is slowed by the presence of iodine and ac- 
celerated by nitrogen peroxide. How these ‘‘trace catalysts” bring about 
their results can only be definitely stated when we know the various steps in 
the reactions, and also in what way one or more of these steps are affected 
by the traces present. The cases in which the utilization of oxidation proc- 


* Presented before the symposium on ‘Utilization of Gaseous Hydrocarbons” of 
the American Chemical Society at Buffalo, N. Y., September 1-2, 1931. 
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esses would be benefited by such knowledge are too numerous to need 
mentioning. 

The methods by which the mechanisms of reactions are discovered vary 
to a considerable extent. Much can be learned by the standard method of 
finding the effect on reaction rate of altering the concentrations of the re- 
actants. With this known, it is often possible to decide in what steps the 
reaction occurs, although these are seldom uniquely determined in this man- 
ner. Usually in the case of the reactions of larger molecules, and not in- 
frequently in the case of simple ones, it is necessary to assume that among 
the intermediate steps is the formation of certain fragments of molecules, 
These may be simply one or more of the atoms which go to make up the 
original molecules or a group of them which is not in any stable configura- 
tion but which possess unsaturated valence forces. The latter, which are 
of the type CH; or CH or OH, are usually called radicals. Both atoms and 
radicals are considerably more reactive than a stable molecule and give 
more energy on reaction. This is obviously necessary since energy is re- 
quired to separate the atoms from the ofiginal molecule, and this energy 
must reappear in the reactions of the decomposition products. 

While the evidence for the existence of these fragments is often fairly 
conclusive from reaction kinetics, it becomes much more convincing when 
we consider other lines of evidence. It is possible actually to prepare atoms 
and radicals in some cases and study their chemical properties, while in 
others we have certain spectral characteristics to guide us both in showing 
that they exist and in producing them by the action of light. 

The classic example of a study of molecular fragments is that of hydrogen 
atoms. These were first produced by Langmuir (1) by the action of an in- 
candescent tungsten filament on molecular hydrogen, and later by Wood (.) 
by passing moist hydrogen through a discharge tube. Since that time 
they have been the subject of a long series of researches (3). The results 
have definitely shown that atomic hydrogen possesses a high chemical 
reactivity. Not only will these atoms undergo all the reactions which 
we should expect from the chemical properties of molecular hydrogen, but 
they will even decompose such stable molecules as the saturated hydrocar- 
bons, with the exception of methane. Other radicals and atoms which have 
been prepared by the action of a discharge are oxygen atoms, OH groups, 
nitrogen atoms, and some nitrogen hydrogen radical, either NH: or NH. 

In discharge tubes we find the spectra of such radicals as CC, CH, NH, 
OH, and CN occurring. Some of these may be excited by the action of 
excited mercury atoms, while others can be produced by the action of 
atomic hydrogen and active nitrogen on the hydrocarbons. Workers with 
positive ray analysis tell us that there exist even more radical ions than we 
can find radicals with the spectrograph. For example, CH*, CH>*, ard 
CH;* have all been found. 
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The increased knowledge of molecular structure has also given us a 
powerful tool with which to attack the same problem. Briefly, the result 
of this knowledge is that we can tell what effect the absorption of light will 
have on a molecule. It may be either excited to a higher energy state or 
decomposed into some of its constituent parts. A continuous absorption 
has been shown to produce decomposition, both theoretically and also, in 
many cases, experimentally. By this means, then, we can free atoms or 
radicals in the presence of other molecules and study the result. This has 
been done in a large number of instances. 

With these facts in view, it can readily be seen that we are well within the 
bounds of reason in assuming molecular fragments in some of the thermal 
reactions. During the past few months these ideas and methods have been 
applied to certain oxidation processes and promise to give a better knowl- 
edge of how they occur and, therefore, eventually of how to control them. 

One of the most striking of these is the unexpected inertness of oxygen 
atoms to hydrogen and methane molecules. Oxygen atoms, produced by 
light, have been shown by Kistiakowsky (4) to undergo practically no re- 
action with hydrogen molecules and Harteck (5) has entirely confirmed 
this result using oxygen atoms produced by the discharge method. In ad- 
dition, the latter has demonstrated that these atoms will not react with 
methane, although they will with the higher members of the saturated 
hydrocarbon series. This introduces us to perhaps the most fundamental 
single fact which has been brought to light in reaction kinetics during the 
past two years. An atom and a molecule will not necessarily react on 
every collision, even though the process is exoenergetic and therefore possible 
from energy considerations. It has always been evident that two molecules 
would not react on every collision, but an atomic replacement such as 


O + H,—>OH +H 


was thought to take place on every collision in which sufficient energy was 
available. Now, however, it has been found that even in these cases an 
activation energy is often mecennary: This reduces the probability of the 


reaction from one to a fraction, e “RT, where E is the energy of activation. 
This problem has been treated from the theoretical standpoint by Polyani 
and Eyring with many interesting results, which, however, do not concern 
us here. 

Lavin and Jackson (6) have found that the reaction between a hydroxyl 
radical and a carbon monoxide molecule to give carbon dioxide and a hy- 
drogen atom takes place: 


CO + OH —> CO; + H 


They have suggested this as. an explanation of the sensitivity of the carbon 
monoxide oxygen reaction to traces of water vapor. Harteck, however, 
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finds that the reaction will occur to some extent between carbon monoxide 
and oxygen atoms in the absence of water vapor. 

A further example of the study of the reactions of molecular fragments 
which perhaps strikes a little closer to the subject in hand, is one in which Dr. 
Spence and the author (7) have been engaged during the past year. This 
concerns itself with what happens when we release methyl groups in the 
presence of oxygen molecules at room temperature and below. The ab- 
sorption spectrum of methyl iodide shows that the absorption of light by 
this molecule results in a decomposition to give a methyl group and an 
iodine atom. In the absence of oxygen these for the most part recombine 
to give methyl iodide. However, when oxygen is present we find the prod- 
ucts of the reaction to be free iodine, formaldehyde, or paraformaldehyde, 
and a condensation product of formaldehyde and methyl alcohol known 
as methylal (CH;0)2CHe. 

By a consideration of the most probable mechanism of the reaction we 
were able to propose a step-by-step scheme of how the reaction occurred 
and then to show that this mechanism agreed with the effect of varying the 
concentration of methyl iodide and oxygen and of changes in temperature. 
Since this study gives a good example of many of the phenomena already 
discussed, it might be interesting to review briefly some of the main points. 

The methyl groups, once formed, have two alternatives: they may 
either react with the iodine molecules which are present or with an oxygen 
molecule, 


CH; + O.—> CH.0 + OH ke (2) 


If the reaction is with an iodine molecule, the methyl group is lost as far as 
an oxidation is concerned, since methyl iodide is reformed. Here we have 
at once an example of how one of these inhibitors or negative catalysts may 
work. The iodine molecule may here be regarded as one. We have not 
as yet seen why only a trace may be needed in some cases, but we shall find 
later that this may in part be connected with the relative magnitudes of k, 
and ko. 

The hydroxyl group formed in (2) may then react with another methyl 
iodide, 

OH + CH;I —»CH;0H +I i; (3) 


The further condensation of formaldehyde and methyl alcohol need not 
concern us here as it can be shown that they do not affect the reaction any 
more than the recombination of iodine atoms to form molecules does. 

By a mathematical treatment of the reaction constants, k;, ke, and ks, 
and the concentration of the reactants, it can be shown that the rate of 
the reaction should obey the following expression 
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as (0) (Oy 
. (h) 2 + (01) 
2 





(Iz) A: + (On) 


where K is a factor which gives the rate of formation of methyl groups, 
which is dependent upon the light intensity and the concentration of 
methyl iodide. This equation fits the observed rate at 0°C., if we put 


’ (I,) = 0.03 mm., which is the vapor pressure of iodine at this temperature, 


and : = 410.0. The ratio = is of much interest, since it means that, if 
2 2 


a methyl group reacts on every collision with an iodine molecule according 
to (1), it will react only once in every 410 collisions with an oxygen mole- 
cule. Thus we see that one millimeter pressure of iodine will be as effective 
in retarding the oxidation of a methyl group as 410 mm. of oxygen will be 
in promoting it. This gives one of the possible causes which lead to the 
large effects of a small amount of impurities on some reaction rates. The 
reason why a methyl group reacts so infrequently with an oxygen molecule 
is that an activation energy is needed in spite of the fact that reaction (2) is 
some 60,000 calories exoenergetic. This activation energy amounts to 
about 3000 calories. This was further proved by studying the reaction at 
different temperatures, where the probability of obtaining the 3000 cal- 


ories should vary according to the exponential on Rr. This was found to 
be the case. Activation energies undoubtedly play an important rdle in 
all oxidation processes, both slow and explosive. 

The close correspondence between these results on the oxidation of 
methyl groups and certain saturated hydrocarbons is worthy of notice. 
For a great many years it has been known that aldehydes and alcohols 
play a part in the first stages of the latter reaction. One view, due prin- 
cipally to Bone, known as the hydroxylation theory, is that an oxygen atom 
is somehow slipped between one of the hydrogen atoms and a carbon atom 
of the hydrocarbon to give an alcohol which is then oxidized to an aldehyde. 
It would seem much simpler and more convincing to postulate that the 
aldehyde and alcohol are produced in a manner similar to that proposed for 
afree methyl group. In the oxidation of these substances the surface plays 
an important part, and it has been recently suggested by Taylor (8) that 
the surface in adsorbing the hydrocarbon somehow separates it into a 
hydrogen atom and a free alkyl group, which then reacts as we have shown. 

For example, in the cause of ethane we may have: 

C:Hs —> 2CHs; 


l 
a ; C.H, —> GH; + H | on surface 


the alkyl groups may then react 


CH; + O. —» CH,0 + OH 
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and the hydroxyls, especially at higher temperatures, may further react 
with the hydrocarbon 
C.Hs + OH —> C2H;OH + H. 
Up to now we have said very little concerning the theory of very fast or 
explosive reactions. The individual steps of these should have all the 
characteristics which we have mentioned with the additional complication 


of “‘chains’ occurring. A chain reaction is that type which, once started | 


by some active molecule or molecular fragment, regenerates the starting 
species, and so can go on indefinitely until stopped by the destruction of 
some vital intermediate. Those which produce in their course more than 
one of the entities which propagate the reaction are known as branching 
chains. Since these chains can extend for millions of molecules the reaction 
is extremely fast, and the destruction of certain steps in the chain have an 
enormous effect on the rate. A chain-breaking impurity will here, of 
course, have extremely large effects in very small quantities. That atoms 
and radicals exist in this type of reaction we know from the spectra emitted 
by flames. A burning hydrocarbon shows the spectra of such radicals as 
OH and C, and also gives many ions. Unfortunately, these reactions, 
which are of their great interest mainly because of their speed are also 
the most difficult to investigate for the same reason. Alyea and Haber 
(9), using crossed streams of gases in vacuo, have made advances in our 
knowledge of the effect of surfaces, and Semenoff has been working upon 
the mathematical theory of such reactions, but, for the most part our ex- 
perimental evidence is of rather an empirical type. 

The most known example of this kind of reaction takes place in the in- 
ternal combustion engine. Here the discharge at the spark plug gives the 
necessary molecular fragments to start the chains, and, if the engine is at an 
optimum temperature, just sufficient activation energy is furnished the vari- 
ous processes which occur in the chains to give the proper reaction rate and 
so the maximum power; and if we look closely we shall see that practically 
all the phenomena discussed must play a part in this explosive reaction. 

In conclusion, then, it may be said that the oxidation of such molecules 
as the hydrocarbons probably takes place through the formation and reac- 
tion of fragments of these molecules, and that certainly the fast or explosive 
oxidations occur in this way, with chains involving these fragments giving 
them their great speed. Also that such reactions, of their very nature, 
will be extremely sensitive to impurities and to temperature. Further that, 
while our present knowledge of these processes is very incomplete, there is 
every indication that the next few years will see great advances in this 
type of reaction kinetics. 
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For some time the writer has felt that a challenge of interest was needed 
in qualitative analysis and that students should feel that they are doing 
actual analytical work. Most of the unknowns used in qualitative 
analysis courses observed by the writer consisted of solutions of pure 
laboratory chemicals. There is little connection between these solutions 
and the forms in which the students encounter the metals being tested for. 
Most unknowns look practically alike and to the students a new one simply 
means continuation of the same routine. There being very little transfer 
of training, undoubtedly many students complete courses in qualitative 
analysis and fail almost entirely to associate their procedures with the 
actual analysis of familiar metallic articles. 

As an experiment our present class in qualitative analysis was given a 
very brief introduction to the processes by the use of solutions of known 
composition. The students were then given metallic articles to study. 
These consisted of cheap jewelry from the 5 and 10 cent stores, belt buckles, 
tooth paste tubes, rouge and powder compacts, samples of duralumin from 
the ‘‘Akron,”’ local ores, etc. The girls from the home economics depart- 
ment analyzed cheap tablewares. One group tested for mercury in 
freckle creams. Some students brought their own specimens. 

Two students worked together and often for check purposes two groups 
studied the same article. The two groups held frequent conferences and 
rivalry often existed. When results did not look reasonable or when 
groups did not check the doubtful party did not hesitate to retest. 

The writer believes that this method has at least three advantages. 
(1) It attracts more interest than testing for metals in solutions prepared 
in the laboratory. (2) It gives the students practice in procedures as 
they are more usually encountered. (3) It teaches the nature and com- 
position of many common articles. 





THE TEACHING OF THE THEORY OF THE DISSOCIATION of 
ELECTROLYTES. III. THE COLORIMETRIC METHOD 


MARTIN KILPATRICK, JR. 
UNIVERSITY OF PENNSYLVANIA, PHILADELPHIA, PENNSYLVANIA 


A great many colorimetric determinations of hydrogen-ion concentration 
are based on the assumption that equal color for equal indicator concentration 
means equal hydrogen-ion concentration. The error in this assumption is 
pointed out and the correct relationships are derived. The ‘‘salt error’ is 
formulated. The application of indicators to the general problem of acid 
strength in non-aqueous solution is discussed. 


The purpose of the present paper is to present the principles upon which 
the colorimetric method for the determination of pH is based, and to point 
out that if these principles are correctly taught the colorimetric method 
may have some advantages over other methods in the general study of acids 
and bases. As the colorimetric method is taught at present, it is usually 
based upon the assumption that equal color for equal indicator concentra- 
tion means equal pH. For the moment we shall use the definition pH = 
—log (y+. In practice, the unknown is compared with a set of standards 
of known pH, and the nearest match is found. A great deal has been 
written about the choice of the standards, their stability, and the accuracy 
of the determinations. It is generally conceded that matches can be ob- 
tained within 0.02 of a pH unit (5°% in hydrogen-ion concentration) and 
very often the experimental worker takes great care with the actual manipu- 
lation. However, if his work is based on the assumption given above he 
may be making errors that in some cases amount to 0.5 of a pH unit (several 
hundred per cent. in hydrogen-ion concentration). 

Let us examine the theoretical basis of the colorimetric method and con- 
sider the validity of the assumption upon which most colorimetric pH 
measurements are based. Indicators (substances used for the colorimetric 
determination of hydrogen-ion concentration) are weak acids or bases 
whose acid form or basic form (or both) is colored. Let us for simplicity 
consider an indicator HI of the type of a monobasic acid. Now HI isa 
weak acid and in aqueous solution enters into a double acid-base equilibrium 


acid base acid base 
a. +: BDO = 40t + 7 F- 


In fact we can make a buffer solution, just as with any weak acid, by in- 
creasing the concentration of the base I~. The buffer reserve, that is to 
say the resistance to change in the concentration of the hydrogen ion upon 
addition of acid or base, may be smaller but that is due simply to the low 
concentration of the indicator. The only essential difference is one of 
color and upon this the method is based. The idea that the indicator forms 
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a buffer system becomes of great importance when the pH of unbuffered 
solutions is to be determined (1). 

As pointed out in the second paper of this series (2), in aqueous solution 
the classical dissociation constant is a good measure of the strength of an 
acid. In a solution of the indicator HI 

cut = Keews/a- (1) 


and when cy; = c,- (the half-change point) 
cut = K, (2) 


that is to say, the hydrogen-ion concentration of the solution containing 
equal amounts of the two forms is equal to the dissociation constant of the 
indicator. As pointed out in the first paper of this series (3) K, changes 
as the concentration of electrolyte changes, so that the sensitivity of the 
indicator to the hydrogen-ion concentration also changes. If K, increases 
the sensitivity decreases, and vice versa. To take a specific case, the half- 
change point for bromocresol green* in a solution 0.1 M in potassium 
chloride lies at a hydrogen-ion concentration of 3.07 X 10~%, and in a solu- 
tion 0.5 M in potassium chloride it lies at a hydrogen-ion concentration 
of 4.03 X 10-5 (4). From this it follows that if the standard solution is 
0.1 M and the unknown 0.5 M in potassium chloride, and if the change in 
the dissociation constant of the indicator is neglected and it is assumed that 
for equal indicator concentration equal color means equal hydrogen-ion 
concentration, the error is 25%. The change in the dissociation constant 
may be expressed in relation to K,,, the dissociation constant at infinite 
dilution, by the fraction K,,/K,. We shall call this fraction the ‘“‘sensi- 
tivity’ of the indicator; thus if in a given salt solution K, = 2K,,, the 
sensitivity of the indicator is 1/2, or the half-change point lies at twice as 
great a hydrogen-ion concentration as in the infinitely dilute solution. 
As stated, when the indicator is half transformed 
Ke = cu*(c1-/eut) = Cut 
cut/K. = 1 

For solutions | and 2 containing the indicator at its half-change point 
(or at any other selected degree of transformation, 7. e., cy-/cy1 ratio) 


(cut/Ke)i = (Cut/Ke)e (3) 


and on multiplying both sides by K,, 
(cutKeo/Ke) = (curKes/Ke)2 ; (4) 


which states that for a given c;-/cy, ratio the product of the hydrogen- 
ion concentration and the sensitivity of the indicator is constant. Now 
two solutions of equal indicator concentration have the same color when 

* Whether we are dealing with the first or second dissociation constant of the 
indicator does not affect the principle under discussion. 
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the colorimetric method for the determination of pH is based, and to point 
out that if these principles are correctly taught the colorimetric method 
may have some advantages over other methods in the general study of acids 
and bases. As the colorimetric method is taught at present, it is usually 
based upon the assumption that equal color for equal indicator concentra- 
tion means equal pH. For the moment we shall use the definition pH = 
—log cy+. In practice, the unknown is compared with a set of standards 
of known pH, and the nearest match is found. A great deal has been 
written about the choice of the standards, their stability, and the accuracy 
of the determinations. It is generally conceded that matches can be ob- 
tained within 0.02 of a pH unit (5% in hydrogen-ion concentration) and 
very often the experimental worker takes great care with the actual manipu- 
lation. However, if his work is based on the assumption given above he 
may be making errors that in some cases amount to 0.5 of a pH unit (several 
hundred per cent. in hydrogen-ion concentration). 

Let us examine the theoretical basis of the colorimetric method and con- 
sider the validity of the assumption upon which most colorimetric pH 
measurements are based. Indicators (substances used for the colorimetric 
determination of hydrogen-ion concentration) are weak acids or bases 
whose acid form or basic form (or both) is colored. Let us for simplicity 
consider an indicator HI of the type of a monobasic acid. Now HI isa 
weak acid and in aqueous solution enters into a double acid-base equilibrium 


acid base acid base 
HI .+ HO = -.H,Ot + I- 


In fact we can make a buffer solution, just as with any weak acid, by in- 
creasing the concentration of the base I~.. The buffer reserve, that is to 
say the resistance to change in the concentration of the hydrogen ion upon 
addition of acid or base, may be smaller but that is due simply to the low 
concentration of the indicator. The only essential difference is one of 
color and upon this the method is based. The idea that the indicator forms 
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a buffer system becomes of great importance when the pH of unbuffered 
solutions is to be determined (1). 

As pointed out in the second paper of this series (2), in aqueous solution 
the classical dissociation constant is a good measure of the strength of an 
acid. In a solution of the indicator HI 

cut = Keen /c~ (1) 


and when cy; = c,- (the half-change point) 
cyt = EB; (2) 


that is to say, the hydrogen-ion concentration of the solution containing 
equal amounts of the two forms is equal to the dissociation constant of the 
indicator. As pointed out in the first paper of this series (3) K, changes 
as the concentration of electrolyte changes, so that the sensitivity of the 
indicator to the hydrogen-ion concentration also changes. If K, increases 
the sensitivity decreases, and vice versa. To take a specific case, the half- 
change point for bromocresol green* in a solution 0.1 M in potassium 
chloride lies at a hydrogen-ion concentration of 3.07 X 10~°, and in a solu- 
tion 0.5 M in potassium chloride it lies at a hydrogen-ion concentration 
of 4.03 X 10-* (4). From this it follows that if the standard solution is 
0.1 M and the unknown 0.5 M in potassium chloride, and if the change in 
the dissociation constant of the indicator is neglected and it is assumed that 
for equal indicator concentration equal color means equal hydrogen-ion 
concentration, the error is 25%. The change in the dissociation constant 
may be expressed in relation to K,,, the dissociation constant at infinite 
dilution, by the fraction K,,/K,. We shall call this fraction the ‘“‘sensi- 
tivity’ of the indicator; thus if in a given salt solution K, = 2K, the 
sensitivity of the indicator is 1/2, or the half-change point lies at twice as 
great a hydrogen-ion concentration as in the infinitely dilute solution. 
As stated, when the indicator is half transformed 
K. = cu+(1~/cur) = cut 
cut/K. = 1 

For solutions 1 and 2 containing the indicator at its half-change point 
(or at any other selected degree of transformation, 7. ¢., cy-/Ccy1 ratio) 


(cut/Ke)t an (cHt/Ke)e (3) 


and on multiplying both sides by K,, 
(cutKeo/Keh = (cu*Keo/Ke)s (4) 


which states that for a given c;-/cy, ratio the product of the hydrogen- 
ion concentration and the sensitivity of the indicator is constant. Now 
two solutions of equal indicator concentration have the same color when 

* Whether we are dealing with the first or second dissociation constant of the 
indicator does not affect the principle under discussion. 
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the ratio of basic form to acid form of indicator is the same in the two. 
Equation (4), or (3), therefore gives the condition which must be fulfilled 
in order that two solutions of equal indicator concentration have the same 
color. In other words, the hydrogen-ion concentrations of two solutions 
of equal indicator concentration, matched in respect to color, are equal 
only provided the classical dissociation constant of the indicator has the 
same value in the two solutions. This is of course true for equal concen- 
trations of the same electrolyte.* Letting 1 represent the known, 2 the 
unknown solution, it follows from (3) or (4) that 


(cute = (CHt)i(Ke)2/(Ke)t (5) 


and in order to determine (cy;:)2 both (A); and (A,)2 must be known. The 
dissociation constants of a number of indicators are to be found in the 
literature, and further determinations are continually being reported. 
What we have been considering is nothing more than the so-called ‘‘salt 
error’ of indicators. For a discussion of the magnitude of the error for 
indicators of various types the reader is referred to a paper by Giintelberg 
and Schiédt (5) which presents very clearly the whole problem of salt error 
in indicator work. Let us formulate the salt error in pH units, it being 


kept in mind that pH = —logcy-. Upon taking logarithms, and multi- 
plying through by —1, equation (5) becomes 
—log (cut)2 = —log (cu+): — log (Ke): + log (Ke): (6) 
pH, = pH, — log (K,)2 + log (K-): (7) 
ApH = pH: — pH; = log (K.)i/(Ke)s; (8) 


i. e., if the experimental worker assumes that equal color for equal indicator 
concentration means equal pH, he assigns to the unknown solution a pH 
which is in error by log (K,):/(K.)2 units. 

If the definition p,H = —log ay: is employed, an equation of similar 
form results. The ratio ay+c;-/cjz1, as mentioned in the preceding paper 
of the series (2), is known as the incomplete dissociation constant and is 
represented by the symbol AK’. For solutions 1 and 2 of equal indicator 
concentration and equal color 


(@u+/K’): = ¢ui/c1- = (aut/K’)2 (9) 
(ay*)2 = (@n+)(K’)2/(K"): (10) 


Upon taking logarithms and multiplying through by —1 as before, (10) 
becomes 

ApaH = paH2 — paHi = log (K’):/(K’) (11) 
For the definition pH(Sérensen) = —log a;+(S6rensen) one obtains an analo- 


* Due to the fact that K. for indicators of the acid type first increases with in- 
creasing electrolyte concentration and then decreases, it would also be true at two 
different concentrations. 
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gous equation in which A” is replaced by K, and p,H by pH(Sérensen) (2). 

The statement is often made that the electrometric method is the standard 
method, and the salt error of the indicator is often expressed as the dif- 
ference between the electrometric and colorimetric determination of pH. 
This is misleading. To be sure, the electrometric method has been more 
extensively used than the colorimetric. As already pointed out in the 
second paper of the series, the electrometric determination of the hydrogen- 
ion activity involves certain assumptions. The electrometric determina- 
tion of hydrogen-ion concentration also involves assumptions (5), (6). 
The standard in the electrometric determination of hydrogen-ion activity 
or concentration is a solution of hydrochloric acid. And the ultimate 
standard in the colorimetric determination is the same. In order to use the 
colorimetric method one must have reference solutions of known hydrogen- 
ion concentration or activity to determine the appropriate dissociation 
constants of the indicators. The reference solutions do not have to be 
calibrated electrometrically, but can, if concentration rather than activity 
is employed, be calibrated kinetically. In fact it is possible to start with 
a solution of a strong acid, assume it completely ionized, and determine the 
dissociation constant of one indicator, then by successive determinations of 
the dissociation constant of an acid and of an indicator proceed up the pH 
scale. In all methods—electrometric, kinetic, and colorimetric—the ulti- 
mate standard is a solution of a strong acid. 

In making colorimetric determinations the principle devised by Frieden- 
thal and used by Salm, Gillespie, and others is of great convenience (7). It 
makes it unnecessary to match the unknown solution with a known, and 
enables one to determine at once with a colorimeter of the Gillespie type 
the ratio of basic form to acid form of indicator in the unknown solution. 
From the colorimeter reading and the appropriate dissociation constant of 
the indicator the pH, p,H or pH(Sérensen) of the unknown solution can 
be calculated according to equations (13), (16), or (19) of the preceding 
paper (2). And conversely the principle can be used to determine the 
dissociation constant of an indicator in a solution of known hydrogen-ion 
concentration or activity. 

It has been mentioned that the hydrogen-ion concentration (but not the 
activity) can be determined kinetically. The method consists of calibrat- 
ing the velocity of a reaction in terms of solutions of known hydrogen-ion 
and electrolyte concentration, and then using the velocity of the reaction 
to determine the hydrogen-ion concentration of the unknown. A recent 
comparison of the kinetic and electrometric methods for benzoic acid- 
benzoate buffer solutions (6) showed that the two gave results agreeing 
within 0.01 of a pH unit (3% in hydrogen-ion concentration). In fact 
with proper attention to definitions and to medium effects all three methods 
should give the same values. 
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Let us now turn to the more general problem of acid strength in non- 
aqueous solutions. Here the electrometric method, whether one uses the 
hydrogen electrode, the glass electrode, the quinhydrone, or the chloranil 
electrode, seems to be more limited in usefulness due to difficulties of various 
sorts with the electrodes. The colorimetric method, however, shows great 
promise. Let us consider the indicator H Ind. in a solvent such as heptane. 
This solvent has no appreciable acid or basic properties so that there is 
no double acid-base equilibrium as there is in water. But if the base B 
is added to the solution of the indicator H Ind. in heptane 


acid 1 base 2 acid 2 base 1 
HInd. + B = HBt + Ind.~ 


From the change in color the shift in equilibrium to the right can be esti- 
mated, and a measure of the basic strength of B and of the acid strength of 
the conjugate acid HB can be obtained. By carrying out such experiments 
for a series of bases their relative strengths, and the relative strengths of 
their conjugate acids, can be found (8). There are, to be sure, difficulties. 
Medium effects are much greater than in water. Due to the low dielectric 
constant of the solvent, ions associate to form salt molecules, and it is 
known that in some cases molecules associate to form double molecules. A 
practical difficulty arises from the low solubility of the salt molecules of 
many acids and bases. Nevertheless the colorimetric method is a powerful 
one in the study of non-aqueous solutions of acids and bases which has 
just begun. With a knowledge of the relative acid strengths of the indi- 
cators, acid-base titrations can be carried out in non-aqueous solution just 
as readily as in water. 

In conclusion, it may simply be stated that it is important that the 
teacher of chemistry have the principles clearly in mind, and lay the founda- 
tion for the work which is to follow, rather than allow the teaching to 
become the presentation of a set of vague definitions and empirical rules. 
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THE DISCOVERY OF THE ELEMENTS. XI. SOME ELEMENTS 
ISOLATED WITH THE AID OF POTASSIUM AND SODIUM: 
ZIRCONIUM, TITANIUM, CERIUM, AND THORIUM* 


Mary ELvirA WEEKS, THE UNIVERSITY OF KANSAS, LAWRENCE, KANSAS 


The earths of the titanium group had a cosmopolitan origin. The German 
chemist, Klaproth, discovered zirconia in 1789 while analyzing a zircon from 
Ceylon. Two years later the English clergyman, William Gregor, found 
titania, or ‘‘menachanite,” as he called it, in a black sand from his own 
parish in Cornwall, but announced his discovery in such a modest manner 
that it made little impression on the scientific world. Klaproth rediscovered 
this earth four years later in a Hungarian red schorl, and named it ‘‘Titanerde,”’ 
or titania. Hisinger and Berzelius discovered ceria in 1803 while they were 
investigating the Swedish mineral “‘heavy stone of Bastnas,” now known as 
cerite. Berzelius found thoria, the last of these earths, in 1828 in a specimen of 
syentte that had been sent to him from an island off the coast of Norway. The 
difficult isolation of the metals titanium, cerium, zirconium, and thorium was 
accomplished by various methods involving the powerful reducing action of 
sodium and potassium. 


Es hat wohl nie eine Wissenschaft, in einem kleinern 
Zeitraume, raschere Fortschritte gemacht, als die chemische 
Naturkenntniss (1). 


Zirconium 


Zirconium minerals are widely distributed in Nature, and have been used 
for centuries. In his enraptured description of the four-square city, Saint 
John the Divine mentioned the jacinth (or hyacinth) as one of the twelve 
precious stones that garnished the foundations of the city wall (14). 

Although zircon was frequently used by the ancients for intagli, and 
although hyacinth and jargon were well known in the Middle Ages, the 
presence in these minerals of an unknown metal was not suspected until 
near the end of the eighteenth century. The earth zirconia was overlooked 
because of its great similarity to alumina, and it toox the analytical skill of a 
Klaproth to detect it. In 1789 he analyzed a specimen of zircon from 
Ceylon, and realized that it contained a large quantity of a new earth, 
which he named Zirconerde, or, as one says in English, zirconia (9), (31), 
(32). All analyses of zirconium minerals made before the discovery of this 
earth were incorrect. The celebrated Torbern Bergman had, for example, 
reported the following composition for a certain hyacinth from Ceylon: 


Silica Alumina Iron Oxide Lime 


25% 40% 13% 20% 


When Klaproth analyzed the same specimen he found: 


* Illustrations collected by F. B. Dains of The University of Kansas. 
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Silica Iron Oxide Zirconia (Jargonia) 
25% 0.5% 70% 


His results were soon confirmed by Guyton de Morveau* and by Vauquelin 
(9), (32), (34), (85). This mineral is now known to be zirconium silicate, 
ZrSiOy. 

In 1808 Sir Humphry Davy tried in vain to decompose zirconia with the 
electric current, but Berzelius (36) finally obtained the metal in 1824 by 
heating a dry mixture of potassium and potassium zirconium fluoride in a 
very small closed iron tube placed inside a platinum crucible. After the 
quiet reaction had taken place, he cooled the tube and placed it in distilled 
water, whereupon, to use his own 
words, ‘‘There fell from the tube a 
black powder as fast as the salt dis- 
solved, and at the same time there 
was evolved a small quantity of hy- 
drogen....The zirconium obtained 
in this manner is easily deposited. 
It can be washed with water without 
oxidizing. Washed and dried, it forms 
a black powder resembling charcoal, 
which cannot be compressed nor 
polished like a metal’ (15). 

Although Berzelius’ method 
yielded impure zirconium, highly 

ee ee contaminated with zirconia, he had 
: chosen his materials with great 

French chemist and attorney. Pro- ? ‘ pant 
fessor of chemistry at the Ecole Poly- scientific acumen (37). Through 
technique from 1794 to 1815. With the attempts of many research 
Lavoisier, Fourcroy, and Berthollet he a : 3 4 
brought chemical nomenclature into workers, including Ludwig Weiss 
accord with modern views on combus- = and Eugen Naumann (38), Wedekind 
tion. He made the first serious re- : : 3 
searches on the structure of steel. (39), and Moissan (40), zirconium of 

higher and higher purity has been ob- 
tained. Finally in 1914 D. Lely, Jr., and L. Hamburger (4/) of the research 
staff of the Philips Metal-Incandescent Lamp Works in Eindhoven, Holland, 
obtained the metal 100% pure. Their method consisted in heating a mix- 
ture of the tetrachloride and sodium in a bomb, using the electric current as 
the source of heat. The metal consisted of laminae which could be pressed 
into rods, drawn into wire, or burnished to a bright, mirror-like surface. 

The element is still best known, however, in the form of its oxide. Zir- 
conia linings for metallurgical furnaces are very permanent, and, because 
of their low heat conductivity, may be made very thin. Zirconia refrac- 
tories, such as crucibles, are very resistant to the action of heat, slags, and 


* The scientific papers of de Morveau were signed ‘‘Cit[oyen] Guyton.” 
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most acids, and may safely : 
be plunged into water while | 4% ee 
red-hot (42). IV. ; 
Titanium Beobadtungen und Werfuche wber der 
4 Menafanite, einen in Cornwall gefunde: 
Joseph Priestley was not nen magnetijcdhen Sand; vom Hen 
the only English clergyman William Gregor *). 
‘to discover a new element. 
The Reverend William Gregor §. ¥. Gicee Sand wird in grofer Menge 
; mage in einem Thole des Ricdipielé 
met with similar good fortune. Menakan in der Graffaft Corvwall gefunden. 
He was born in 1762 in Corn- Durch diefes Thal flicht cu Bad, deffzn Haupts 
wall, and was educated for the : — in den Thalern vow Gonhilly if. Dee 
ministry at Bristol and Cam- Tescsicoshpiap Mirae mein he: Fagg pee 
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bridge, where he made an ex- © Rdenee find von veridiedener Grdfe, haben aber 
cellent scholastic record, es- __ Heine beftimmte Figur. Er ift mit einem andern 
fOmugig: meifen Sande vermifet, defen Korner 


pecially in mathematics and ‘biel ida Gud” Dic fecitiac Gowers. bes 
the classics. He held pastor- vi bon dem andern duce clus Gieb geceinigten, (Omar 
ates at Deptford near Tot- | @@ Gande$, mar nad der Methode des Hen de 


ness, at Braton Clovelly in 
Devonshire, and finally at 
Creed near Grampound, 
Cornwall (2). 

He became intensely inter- 
ested in the minerals of En- 
gland, and acquired such 
great skill in analyzing them 
that Berzelius and other com- 
petent judges referred to him 














as ‘‘a famous mineralogist’’ INTRODUCTION TO THE REVEREND WILLIAM 
(3). He was a founder and GREGOR’S ORIGINAL PAPER ON TITANIUM, OR 
“MENACHANITE.” Crell’s Annalen, 1791 


honorary member of the 

Royal Geological Society of Cornwall, and his analyses of such substances as 
bismuth carbonate, topaz, wavellite, uranium mica (Uranglimmer) (J6), 
and native lead arsenate (17) were of high excellence (4). 

The most interesting mineral that Mr. Gregor ever analyzed, however, 
was a black, magnetic sand from the Menachan valley in his own parish. 
His account of this analysis, as it appeared in Crell’s Annalen in 1791, was 
introduced by the following editorial note: 


Mr. Gregor did me the special favor of sending the manuscript of 
this paper for insertion in the Annalen, the translation of which from 
the English by my eldest son Carl, I have the honor to present to Ger- 
man analytical chemists. 


The paper begins with a minute description of the sand: 
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This sand [said Mr. Gregor] is found in large quantity in a valley 
of the Menachan parish in the county of Cornwall. Through this 
valley there flows a stream whose principal source is in the valleys of 
Gonhilly. The sand is black, and in external appearance resembles 
gunpowder. Its grains are of various sizes, but have no definite shape. 
> t is mixed with another dirty-white sand, the grains of which are much 
Cae 


Gregor found that the black portion of this sand had the following 


composition : 
Magnetite Silica Reddish Brown Calx Loss 
46°/16% 31/2% 45% 4"5/16% 


The “‘reddish brown calx’’ dissolved in sulfuric acid to give a yellow 
solution which became purple when 
reduced with zinc, tin, or iron, and 
when the pulverized mineral was fused 
with powdered charcoal, a purple slag 
was formed. 

Mr. Gregor modestly stated that 
his paper was not a complete inves- 
tigation, but merely a record of dis- 
connected facts, the interpretation of 
which he would leave to more skilful 
workers and keener philosophers than 
himself. His friend, John Hawkins, 
to whom he showed the black sand, 





The Edgar Fahs Smith Memorial Collec- agreed that it must be a new mineral. 
tion, University of Pennsylvania teks : 
D. LoRENTz VON CRELL The opinion of a man so dis- 
1744-1816 tinguished in mineralogy [said 
Editor of Chemische Annalen fiir die Mr. Gregor], together with the 
Freunde der Naturlehre, Arzneigelahrtheit, extraordinary properties of the 
Haushaltungskunst und Manufakturen sand, led me to believe that it 


and of Crell’s Neues Chemisches Archiv. tai talli b 
Professor of chemistry and counselor of must contain a new metallic sub- 


mines at Helmstadt. stance. In order to distinguish 
it from others, I have ventured to 

give it a name derived from the region where it was found—namely, the 
Menachan parish—and therefore the metal might be called menachanite. 


He cautiously added that perhaps the researches of other chemists might 
some day explain the unusual properties of the mineral and “rob it of its 
novelty.” His many duties unfortunately prevented him from continuing 
the investigation (5) of this black magnetie sand now known as ilmenite, 
FeTiO;. Strangely enough, his announcement did not attract much atten- 
tion, and thus titanium, like tellurium, was quickly forgotten. 

William Gregor died at Creed on June 11, 1817, after prolonged suffering 
with tuberculosis. Thomas Thomson once said of him: 
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Mr. Gregor of Cornwall was an accurate man, and attended only to 
analytical chemistry; his analyses were not numerous, but they were 


in general excellent. 
services by a premature death (6). 


Unfortunately the science was deprived of his 


Mr. Gregor’s intimate friend, the Reverend J. Trist of Veryan, mentioned 


the exemplary manner in which he had 
fulfilled all the duties of his Christian pastor- 
ate, ‘dispensing to his neighbors both spiri- 
tual and temporal benefits, and enlivening 
the society of his friends by his cheerful 
and instructive conversation”’ (2). 

The reader will recall how the honored 
chemist, Martin Heinrich Klaproth, resur- 
rected tellurium, giving full credit to the 
original discoverer, Miiller von Reichenstein. 
After Mr. Gregor’s discovery had likewise 
fallen into oblivion, Klaproth again came to 
the rescue. In 1795 he separated what 
seemed to be a new oxide from a specimen 
of red schorl, or rutile, found in Boinik, 
Hungary, and presented to him by Count 
Wiirben of Vienna (7), (8). However, since 
this oxide bore such a close resemblance to the 
one previously described by Mr. Gregor, 
Klaproth analyzed a specimen of menacha- 
nite, or “‘iron-shot titanite from Cornwall,” 
as he preferred to call it, for comparison (21). 


Within a few years [said he] a fossil 
has been brought into notice by the name 
of Menachanite, which has been found in 
the parish of Menachan, in Cornwall, and 
consists of grey-black, sand-like grains, 
obeying the magnet. Mr. M’Gregor, 
of Menachan, who dedicates his study 
to mineralogical chemistry, has given 
not only the first information of this 
fossil, but also a full narrative of his 
chemical researches concerning it. The 





MaArTIN HEINRICH KLAPROTH 
1743-1817 


German analytical chemist. 
First professor of chemistry at 
the University of Berlin. In 
1810 he published, with F. Wolff, 
a chemical dictionary containing 
references to the researches cited 
therein. Klaproth’s six-volume 
“‘Bettrdge zur chemischen Kennt- 
niss der Mineralkérper” is a 
collection of his remarkable 
mineral analyses. He rediscov- 
ered Gregor’s ‘‘menachanite,” 
made a thorough study of its 
properties, and rechristened it 
titanium. 


chief result of these is, that menachanite has for its constituent parts 
iron, and a peculiar metallic oxyd of an unknown nature. By the fol- 
lowing examination it will appear that this substance, which, besides 
iron, forms the second chief component principle of menachanite, is pre- 
cisely the very same which constitutes the Hungarian red schérl; namely, 
oxyd of titanium. With this opinion also, most of the phenomena, 
noted down by M’Gregor, in his operations with menachanite, agree. 
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Klaproth gave the following curious reason for preferring to call the new 


element titanium: 


Whenever [said he] no name can be found for a new fossil which 
indicates its peculiar and characteristic properties (in which situation 
I find myself at present), I think it best to choose such a denomina- 
tion as means nothing of itself, and thus can give no rise to any errone- 
ous ideas. In consequence of this, as I did in the case of uranium, 
I shall borrow the name for this metallic substance from mythology, 
and in particular from the Titans, the first sons of the earth. I there- 
fore call this new metallic genus TITANruM (8), (9). 





SVEN OTTO PETTERSSON 
1848- 

Professor of chemistry at the 
University of Stockholm from 1881- 
1908. He collaborated with Lars 
Fredrik Nilson in researches on metallic 
titanium and the physical constants of 
titanium and germanium He was 
one of the first chemists to support 
Arrhenius in his views on electrolytic 
dissociation. 


Klaproth, Vauquelin, Heinrich 
Rose (22) and others tried in vain to 
isolate the metal. In 1822 Dr. Wol- 
laston thought he had found it in the 
form of minute cubic crystals in the 
slag of the iron works at Merthyr 
Tydvil, but Wohler (18) showed in 
1849 that these were not the metal 
itself but a mixture of the nitride and 
cyanide. In 1825 Berzelius (20) pre- 
pared some very impure amorphous 
titanium by reducing potassium fluo- 
titanate, K.TiFs, with potassium. 
Although the resulting black powder 
gave a metallic streak, it was insoluble 
in hydrofluoric acid and therefore 
could not have contained much ti- 
tanium metal (23). 

In 1849 Wohler and Deville at- 
tempted to prepare pure titanium by 
Berzelius' method, but used a closed 
crucible in order to exclude air. 
When they found that the product 
thus obtained still contained titanium 
nitride, they heated boats containing 


potassium and potassium fluotitanate in an atmosphere of hydrogen and 
obtained a gray powder which showed a metallic luster when examined 
with a microscope (7), (10), (18). Wohler and Deville thought they had 
the metal, but, in the opinion of W. M. Thornton, Jr. (23), they were still 
dealing with the nitride. 

In 1887 Lars Fredrik Nilson and Otto Pettersson (24) succeeded in 
obtaining the metal 95% pure by reducing the tetrachloride with sodium in 
an air-tight steel cylinder. The titanium that Moissan obtained from 








ki 
on 
wi 


lov 
an 
lez 


hi 
m 
fer 
tit 
Ox 
th 
di 


nc 
Ri 








132 


>W 











VoL. 9, No.7 THE DISCOVERY OF THE ELEMENTS. XI 1237 


his electric furnace was free from nitrogen 
and silicon and contained only 2% of carbon 
(25). 

In 1910 M. A. Hunter (26) obtained the 
metal 99.9% pure by a modification of Nilson 
and Pettersson’s method in which pure titanic 
chloride and sodium were heated in a 1000-cc. 
machine steel bomb capable of bearing 40,000 
kilograms of pressure. The lid, which rested — Rensselaer Polytechnic Institute, Eng. 
on an intervening gasket of soft copper, Th AE PO 4s Bee 
was securely held in place by six braces. M. A. HuNTER’s BoMB FOR 

F ; PREPARING METALLIC TI- 
After the temperature had been raised to yanrum 
low redness, the reaction took place quickly 
and violently. The sodium chloride was then leached out with water, 
leaving the pure titanium. 

The oxide titania, TiO, because of its high refractive index, is used in 
high-grade white pigments of great opacity and covering power. The 
metal unites with iron to form the useful alloy, ferro-titanium, which, like 
ferro-vanadium, is added to molten steel to remove air bubbles, the 
titanium combining with the oxygen and nitrogen of the bubbles to form 
oxides and nitrides which are skimmed off with the slag. Thus the element 
that lay hidden for centuries in the sand of Mr. Gregor’s parish is now of 
direct benefit to mankind. 











Cerium 


Wilhelm Hising, or Hisinger as he was called after being raised to the 
nobility, belonged to a wealthy Swedish family that owned the famous 
Riddarhyttan* property in Vestmanland and the Bastnas mine, in which 
the mineral cerite was 
discovered. He was 
born on December 28, 
1766, andsoonlearned 
to love the beautiful 
minerals of Sweden. 
When only fifteen 
years old he sent 
some cerite to the fa- 
mous Scheele for an- 
alysis, and the reply 
showed that even the 
greatest of men some- 











STATUE OF CARL WILHELM SCHEELE AT KOPING, SWEDEN times make mistakes. 
* The reader will recall that Riddarhyttan was also the birthplace of Georg Brandt, 
the discoverer of cobalt. A 


enon emnen vara 
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Scheele reported that he was unable to discover any new metal in the cerite, 

However, as Baron Nordenskiéld said, this mistake is very excusable, for 

the mineral is difficult to handle even with modern methods of analysis (11), 
Berzelius described cerite as follows: 


In the iron mine at Bastnds, now abandoned, in the vicinity of Vest- 
manland, one finds a mineral of exceedingly high specific gravity, 
called “‘heavy stone of Bastnads’’; that is why Scheele searched there, 
but in vain, for tungsten. This mineral remained in oblivion until 
1803, when it was simultaneously examined by Klaproth (44), by His- 
inger and by myself (29). We found in it a new substance; Klaproth 
called it terre ochroite. Hisinger 
and I called it cerous oxide, be- 
cause there is a higher oxide, and 
the two oxides give salts of differ- 
ent colors and properties. The 
root of the name cerium was de- 
duced from that of Ceres,** 
which Klaproth changed to cer- 
erium, but this name was soon 
abandoned. The mineral is com- 
posed mainly of cerous silicate, 
and for this reason receives the 
name of cerite. Cerium was 
afterward discovered in minerals 
from other localities; for example, 
in gadolinite, orthite, allanite, 
yttrocerite, cerous fluoride, etc.” 
(12). 





The main object of Berzelius and 
AXEL FRIEDRICH CRONSTEDT* Hisinger’s analysis of cerite was to 
et _. search for yttria, which might easily 
Swedish chemist and mineralogist. , 
Discoverer of nickel. Author of a have escaped the attention of Scheele 
‘System of Mineralogy” which was trans- and d’Elhujar since it was unknown 
lated into several languages. He called ; eer p 
the heavy mineral now known as cerite at the time their investigation was 
“tungstein of Bastnds,” thinking it must made (29). Although they failed to 


pseaschi i zat find yttria, Berzelius and Hisinger 
discovered instead the new earth ceria.f 

In his “Early Recollections of a Chemist,” Wohler gives a charming 
picture of Hisinger’s home: 


After a five days’ stay at Fahlun [he writes] we drove to Skinnskatte- 
berg, Hisinger’s estate, where, after a drive of twenty-four hours, we 


* See J. Cuem. Epuc., 9, 24~7 (Jan., 1932) for biographical sketch. 

** The element was named for the planet Ceres, which had been recently dis- 
covered by Piazzi. 

+ In volumes 9 and 10 of Nicholson’s Journal this paper was accredited to W. 
D’Hesinger and J. B. Bergelius (sic/) 
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SKINNSKATTEBERG, VESTMANLAND, SWEDEN, WHERE WILHELM VON HISINGER 
UsED TO LIVE 


The mineral cerite was first found in one of the mines on his estate. 


arrived one afternoon, finding Berzelius there. The venerable, genial, 
and most original Hisinger, so well known through his contributions 
to the geognostic mineralogy and botany of Sweden, and through the 
liberality with which he had supported Berzelius during the commence- 
ment of his studies, lived here a very rich man (Brukspatron) on a 
princely estate, surrounded by magnificent forests, gardens, and iron 
mines. We spent a week here most delightfully, partly occupied in 
examining his collections, with making blowpipe tests of unknown min- 
erals, and with the reading aloud of my translation of Hisinger’s ‘‘Min- 
eral Geography.’ In company with Berzelius and Hisinger, we made 
an excursion a few miles distant to the mines of Riddarhyttan, among 
which the Bastnashaft is known as the only locality for the occurrence 
of cerite. At the mouth of this mine, which at that time had already 
been abandoned, we collected in the scorching sun hundreds of the 
most characteristic specimens of cerite and cerin* (13). 


Hisinger was indeed one of Sweden's most eminent mineralogists and 
geologists. He died on June 28, 1852, at the venerable age of eighty-five 
years. 

Gahn in Sweden and Vauquelin in France tried in vain to obtain 
metallic cerium. Mosander prepared anhydrous cerous chloride and sub- 
jected it for a long time to the action of potassium vapor. After washing 


* Allanite 
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the residue with cold 
alcohol, he obtained a 
brown powder which, 
when burnished, ex- 
hibited a dark metallic 
luster. This cerium 
was far from pure, 
however, for it was 
badly contaminated 
with the oxychloride. 
Impure cerium was 
also prepared by 
Wohler. Hillebrand 
and Norton (27) 
finally succeeded in 
1875 in preparing the 
metal in a coherent 
form by electrolyzing 
fused cerous chloride. 
In 1911 Dr. Alcan 
Hirsch (30) made 
some electrclytic ce- 
rium containing only 
two per cent. of im- 
purities (iron, cerium 











From “Industry in Sweden,” Federation of Swedisn Industries oxide, and cerium car- 
MINE HEAD-FRAME AT RIDDARHYTTAN bide). The metal was 


The mineral cerite was discovered there in 1781 by purified by amalga- 
Wilhelm von Hisinger. Georg Brandt, the discoverer . : 4 diatit 
of cobalt, was born at Riddarhyttan. mating it an istil- 

ling off the mercury in 


an evacuated quartz tube lined with magnesia. This elaborate investigation 

required more than three years of work at the University of Wisconsin. 
Cerium forms with iron a peculiar pyrophoric alloy which, when struck, 

emits showers of sparks, and which is used somewhat in the manufacture of 


automatic gas-lighters (28). 
Thorium 


While analyzing one of the rare minerals from the Fahlun district, 
Berzelius found in 1815 a substance that he believed to be the oxide of a 
new metal which he named thorium in honor of the ancient Scandinavian 
god, Thor. Ten years later he himself found that this substance was not a 
new earth, but simply yttrium phosphate. He evidently liked the name 
thorium, however, for when in 1828 he really did discover a new element, he 
christened it with the same name. 
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In his account of the discovery, 


Berzelius wrote: 


The mineral on which I made 
the following experiments is found 
in the syenite on the island of 
Lévé,** near Brevig, Norway. It 
was discovered by the _ pastor 
Esmarck, son of Jens Esmarck, 
famous professor at the University 
of Christiania. It is the latter 
who sent me a specimen, asking 
me to examine it, because, on ac- 
count of its high specific gravity, 
he believed it to be the earth of 
tantalum. This mineral is black, 
with no indication of crystalline 
form or texture, and looks exactly 





Tuomas H. Norton 
1851- 


Professor of chemistry at the Uni- 
versity of Cincinnati. American 
consul at Harput, Turkey, at Smyrna, 
and at Chemnitz, Saxony. Author of 
books on dyes, the cottonseed in- 
dustry, potash production, and the 
utilization of atmospheric nitrogen 
Collaborator with W. F. Hillebrand 
in researches on cerium. 
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WILLIAM FRANCIS HILLEBRAND* 
1853-1925 


Chemist with the U. S. Geological 
Survey, later Chief Chemist at the 
Bureau of Standards. President of the 
American Chemical Society in 1906. 
Author of ‘‘The Analysis of Silicate and 
Carbonate Rocks.’’ He was the first 
to suggest the possibility of recovering 
potash from the fumes from cement 
kilns. 


like gadolinite from Ytterby; the 
exterior presents sometimes a thin 
rust-colored surface layer’’ (12). 


This mineral, which is now known as 
thorite, consists essentially of thorium 
silicate, ThSiO,. 

Thorium, like the other metals of 
this group, is isolated with great 
difficulty. Berzelius prepared the 
impure metal by heating a mixture 
of potassium and potassium thorium 
fluoride in a glass tube. D. Lely, 
Jr., and L. Hamburger prepared it 


* See ALLEN, ‘Pen Portrait of William Francis Hillebrand, 1853-1925,” J. CHE. 


Epuc., 9, 72-83 (Jan., 1932). 


** This island is located in the Langesund fjord. 
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99% pure by distilling sodium and thorium chloride into an exhausted steel’ 
cylinder and also succeeded in obtaining it as a coherent metal (9), (41). 
It is interesting to note that all four of the elements of this group, titanium, 
cerium, zirconium, and thorium, were isolated with the aid of the alkali 


metals discovered by Sir Humphry Davy. 

In 1898 Mme. Curie in Paris and Professor G. C. Schmidt at the Uni- 
versity of Miinster, working independently, found that thorium, like 
uranium, is radioactive (43). This discovery opened up a vast new field of 
research as a result of which thorium is now known to be the parent sub- 
stance of an entire series of radioactive elements. The story of their 
discovery will be reserved, however, for a later paper. 
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ANOTHER EXPERIMENT IN SECOND-YEAR COLLEGE 
CHEMISTRY 


W. R. Carmopy, REED COLLEGE, PORTLAND, OREGON 


Laboratory work is rapidly becoming the step-child of our chemistry cur- 
ricula, being accepted as a necessary evil, curtailed in some instances and 
turned over to the uncertain care of graduate assistants in others. This 
article describes a second-year chemistry course in which the laboratory work 
is given a position of importance and is supervised by the instructor who de- 
livers the course lectures. 


Introduction 


A recent communication of A. H. Kunz (1) describing ‘“‘An Experiment 
in Second-Year College Chemistry’’ suggests to the writer that an experi- 
ment which has been in progress for a decade at Reed College might be of 
interest to readers of the JOURNAL OF CHEMICAL EDUCATION. 

The second-year course in chemistry at Reed College, in the words of 
the catalog, is “‘Analytical Chemistry, a combined course in qualitative 
and quantitative methods of chemical analysis designed to develop the 
powers of exact observation and deduction and the attainment of methods 
of precision in chemical technic.’’ It forms the second part of a four-year 
unified course of instruction developed and conducted by members of the 
department. Preceded by a first-year course in general chemistry, a pre- 
requisite, the second-year course is followed by a year of organic chemistry 
and a year of physical and theoretical chemistry for which courses it is a 
prerequisite. 

General chemistry is a course in fundamental principles and important 
reactions of chemistry with emphasis given to scientific methods of experi- 
mentation, observation, and reasoning. Near the end of the year, methods 
of simple testing are included but no systematic qualitative analysis. 
With assignments and laboratory work arranged according to the prepara- 
tion and ability of the student, the first-year course serves all classes, 
students majoring in natural science and others. However, only those 
who have demonstrated superior ability in experimentation and scientific 
reasoning are eligible to take the second-year course. 

Students successful in the second-year course and in the qualifying prob- 
lem given at the end of the year are eligible to take the organic course. 
Having analytical chemistry as a prerequisite, the third-year course is 
designed upon more precise lines than otherwise would be possible. The 
analytical as well as the synthetical aspects are considered in the labora- 
tory work. 
Outline of Course 
1. GeneralIntroduction. Discussion of standards of course, texts, refer- 

ences, laboratory notebooks, and laboratory and written examina- 
tions. 
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Experiment 1: Preparation of 6.0 Normal Reagents. Discussion 
of equivalent weights, molality, normality, calculations, and 
labeling bottles. 

Experiment 2: Calibration of Burets. Demonstration of cleaning, 
manipulation, data form, use of balance, and calculations. 
Precision in Analytical Chemistry. Methods of expression, types, 
significant figures, classification of errors, precision in quantitative 

methods. 

3. Volumetric Titration Methods. Classification, endpoints, indi- 
cators, errors, and precision. 

Experiment 3: Titration Practice. Statement, endpoints and 
indicators, demonstration, calculation of results, elimination 
of errors. 

4. Acidimetric-Alkalimetric Methods. Theory, titration curves, and 
choice of indicator. 

Experiment 4: Report on Care and Use of Platinum and Hazard- 
ous Chemicals. 

Experiment 5: Calibration of Volumetric Flasks. Statement, 
discussion, and demonstration. 

5. Oxidation-Reduction. Valence and its change, balancing equa- 
tions, reactions, effect of hydrogen-ion concentration, equivalence, 
normality, and molality. 

Experiment 6: Preparation of Primary Standard for Acidimetry. 
Primary standards, requirements, and preparation. 

Experiment 7: Preparation and Standardization of 0.2 Normal 
HCl Solution. Demonstration, use of reference indicator and 
calculations. 

Experiment 8: Determination of Unknown Base. 

Laboratory Examination No. 1: (Seventh week). Unknown 
Requiring Use of Principles of Acidimetry and Solutions 
Already Standardized. 

6. Oxidation-Reduction Methods. Reactions, endpoints, indicators, 

original standards, and analysis of permanganate, dichromate, and 

iodine methods. 

Experiment 9: Preparation and Standardization of Potassium 
Permanganate Solution. 

Experiment 10: Preparation of Standard Potassium Dichromate 
Solution. 

Experiment 11: Determination of Iron in Hematite by Perman- 
ganate and Dichromate Methods. 

Experiment 12: Volumetric Iodine Methods. Preparation and 
standardization of solutions of Iodine and Sodium Thiosulfate. 

Laboratory Examination No. 2: (Twelfth week). Unknown 
Requiring Use of Iodimetry Methods of Analysis. 

Precipitation Reactions. Common-ion precipitation, generaliza- 

tions, theory of titration, endpoints, indicators, original standards. 

Experiment 13: Volumetric Determination of Chloride and Thio- 
cyanate. 

8. Electrometric Reactions (Taken in Physical Chemistry). 

9. Gas Reactions (Taken in Economic Chemistry). 


bo 
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10. 


11. 


14. 


16. 


17. 
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The Atom, Atomic Structure and Its Relation to Physical and 
Chemical Properties. 
(a) The Atomic Theory. 
History, foundation, and importance and methods of de- 
termining atomic weights. 
(b) Periodic Classification of the Elements. 
History, importance, and relationships. 
(c) Radioactivity. 
Rays and radiations and radioactive series. 
(d) Electron Theory. 
Structure of atom and relation to chemical properties. 
Experiment 14: Calibration of Weights. 
Gravimetric Methods. Classification of types and demonstration of 
methods of precipitation, filtration, and ignition. 
Experiment 15: Complete Analysis of BaCl: 2H20. 
Experiment 15A: Determination of Silica in a Soluble Silicate. 
Electrolytic Analysis (Taken in Physical Chemistry). 
Chemical Reaction in Water Solution. 
(a) Solvents and Solubility. 
Classification according to anions. 
(6) Ionization. 
History, classification of acids, bases, and salts. 
(c) Acidity and Basicity of Hydroxides. 
Classification of hydroxides. 
(d) Complex Ions. 
(e) Dynamic Equilibrium and Mass Action. 
Historical, mathematical development, and demonstration 
of concentration effect. 
(f) Equilibrium and Mass Action Applied to Ionized Systems. 
Simple ionization, complex ions, the water equilibrium, 
hydrolysis, buffer solutions, regulation of ionic concen- 
tration, methods of increasing and decreasing solubility, 
precipitation with hydrogen sulfide, and summary of 
ionic equilibria. 
Practical Qualitative Analysis According to the Procedure of A. A. 
Noyes (2). Noyes’ method, precision of separations, and recording 
of results. 
Systematic Anion Analysis. Classification, preliminary tests, and 
demonstration of complete analysis. 
Experiments 16-25: Anion Analysis. (Noyes, Expts. 52, 35, 38, 
39, 41, 44, 45, 46, 47, and 49.) 
Laboratory Examination No. 3: (Nineteenth week.) Unknown 
alkali anton. 
Solution of Substance for Cation Analysis. Demonstration. 
Experiment 26: Solution of Unknown Substance. 
Systematic Cation Analysis. Chemistry and analysis of cations by 
groups. 
Experiments 27-35: Noyes, Expts. 1, 3, 5, 7,8, 10, 11, 12, and 13. 
Laboratory Examination No. 4: (Twenty-fourth week.) Un- 
known, Anion, and Cation of Silver, Copper, and Tin Groups. 
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Experiments 36-42: Noyes, Expts. 14, 16, 17, 18, 19, 20, and 21. 

Laboratory Examination No. 5: (Twenty-seventh week). Un- 
known, Anion, and Cation of Silver, Copper-Tin, and Iron- 
Aluminum Groups. 

Experiments 43-45: Noyes, Expts. 22, 23, and 26. 

Experiment 46: Unknown, Alkaline Earth Group. 

Experiment 47: Qualitative and Quantitative Analysis of General 
Unknown. 

18. Summary of Chemistry of Elements. Classification according to 
periodic table. 

Laboratory Examination No. 6: (Thirty-third week). Unknown 
Technical Substance (Anion and Cation). 

Laboratory Examination No. 7: (Thirty-third week). Volumetric 
Analysis Speed Test. 

Experiment 48: Laboratory Problem (Twenty-seventh to thirty- 
third week). Complete analysis of unknown mineral requiring 
exceptional skill. Students qualifying for organic chemistry 
elect this problem in place of experiments 46 and 47, and 
laboratory examinations 5, 6, and 7. 


Method of Instruction 


The lectures are designed primarily to discuss the principles involved in 
the laboratory work and to demonstrate the technic. About half of the 
68 fifty-minute periods (two periods per week for 34 weeks) are spent in 
preparing the students for the laboratory, the remaining time being devoted 
to the principles of chemical change and reactions important in analytical 
chemistry. 

The course as a whole follows no textbook; chapter and sometimes page 
references are given to the numerous books available in the departmental 
library. The students procure copies of ‘‘Noyes’’ (2), which is used as 
laboratory manual for qualitative analysis, ‘‘Chapin’”’ (3), and ‘‘Fales’’ (4) 
to which assignment and reference are more often given. This method of 
assignment and reference furnishes the connecting link between the first- 
year course in which a text is followed and the third-year course in which 
no text is used. 

As part of the system of instruction rather than as examinations, written 
tests are given at regular intervals. These comprise exercises and prob- 
lems which are designed to test the ability of the student to apply or ar- 
range or classify what has been previously discussed. Papers are orally 
criticized and returned to the students for reorganization and correction. 
This is repeated until the paper is approved. 

The laboratory work is designed to be covered in 297 hours of which 
198 (6 hours per week for 33 weeks) are at specified times and are super- 
vised by the instructor who gives the lectures. The remaining 99 hours 
are arranged by the student to suit his convenience. A period is set aside 
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each month for a laboratory examination which is designed to test the 
ability of the student to use the principles previously studied. Eligibility 
to take the examination is contingent on having completed assigned work. 
The preparation of the student and his understanding of the principles 
and method is ascertained by preliminary written reports and by oral quiz 
before each experiment. 
In order to eliminate loss of time and interruption of laboratory work 
caused by frequent trips to the stockroom window, materials and chemicals 
' are distributed by the instructor some time before they are to be needed 
or at the time of the oral quiz, a complete set of Noyes’ reagents is assembled 
by each student, and test solutions and special reagents are available on 
the side shelves of the laboratory. 


Discussion 


The design of this course in second-year college chemistry is based on a 
belief in the validity of two principles: (1) that a laboratory course 
offering a comprehensive training in precision methods and in the principles 
and technic of analytical chemistry is a necessary part of a four-year chem- 
istry curriculum; (2) that essential to efficient laboratory instruction is a 
thorough understanding by the students of the principles, reactions, and 
methods involved in each experiment before it is attempted in the labora- 
tory. 

The course attempts to satisfy these principles by the methods of instruc- 
tion outlined above. Direct correlation between lecture and laboratory, 
laboratory examinations, preliminary oral reports, and the elimination of un- 
necessary interruptions have all seemed to aid materially in accomplishing 
this result. Experience indicates that the direct correlation between lec- 
ture and laboratory is best obtained by having the instructor who gives the 
lectures personally supervise the laboratory and problem work. This 
may lay an unusual burden upon the lecturer whose time may be consider- 
ably monopolized by the constant supervision of a laboratory section, and 
might offer some difficulty in large institutions where several laboratory 
sections might be necessary. The writer believes, however, that the sacri- 
fice thus entailed would be well justified and repaid by the increased ef- 
ficiency possible. 
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A REPORT ON DRILLS TO DECREASE PICTURE-MEMORIZING 
IN THE STUDY OF GRAPHICAL CHEMISTRY 


HENRY P. HOWELLS 


OKLAHOMA AGRICULTURAL AND MECHANICAL COLLEGE, STILLWATER, OKLAHOMA 


An effort has been made to prevent students in general organic chemistry 
from memorizing graphical formulas as mere pictures, through exercises sup- 
plementary to the teaching of the atomic linking theoiy and the usual derivation 
of graphical formulas for the general type compounds. An experiment is de- 
scribed which points out the handicap under which students are placed when 
they are asked to recognize compounds from graphical formulas when written 
in an unusual, but correct, manner. One of the tests in this experiment 
offered a style for later drill exercises, which seemed to inc ease the efficiency 
of many students in the use of graphical chemistry. Several advantages that 
might be gained by the student from such drill work are listed. 


Several years ago, the author noticed from results on part one of the or- 
ganic chemistry test in the George Washington University Series that many 
of his students seemed to have depended upon memorizing unit-patterns 
or pictures in trying to master even some of the simpler graphical formulas. 
They showed little if any appreciation for the real significance of the atomic 
linking theory in building up structures for compounds to depict their 
properties. Since the scheme as outlined in most of our textbooks was fol- 
lowed in presenting the subject of graphical chemistry and had fallen short 
of its object, it was thought worth while to devise a test that might check 
more definitely the earlier observations and at the same time develop cor- 
rective measures. 

Two short examinations on graphical formulas were given to a class of 
twenty-five students who had covered during one semester Conant’s or- 
ganic chemistry text. Each student was given fifteen minutes in which to 
write the names of the compounds whose formulas appeared in an unusual 
manner as illustrated by the accompanying chart. At the close of the first 
examination the student was given ten minutes in which to write the names 
of the same ten compounds from the formulas as ordinarily written during 
the course. In the first examination twenty students scored sixty-five cor- 
rect answers and in the second examination they were about twice as suc- 
cessful with one hundred and twenty-nine correctly answered. Obviously, 
there must have been a tremendous handicap placed upon a large proportion 
of the class in the first examination. They were unable to dissect or trans- 
late sufficiently well the first group of structures and failed to recognize the 
important functions and groupings. 
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Tests similar to that indicated in the chart were initiated recently into 
the author’s class work in general organic chemistry in the form of short, 
frequent oral and written drill exercises supplementary to the teaching of 
the significance of the atomic linking theory and the usual derivation of 
graphical formulas for the general type compound. Many advantages 
seemed to grow out of this drill work. 

Regardless of whether or not the drill stimulated interest in the subject or 
emphasized the importance of reading into the formula certain properties as 
is demanded in the atomic linking theory, the class at large appeared much 
more efficient in the use of graphical chemistry. The student developed 
speed and accuracy in naming and writing graphical formulas. They be- 
came more capable, apparently, of visualizing the formula of a compound 
from its name as spoken in the lecture work. Less trouble was experienced 
in following the board work during the lecture period, in such instances as 
when the instructor took the liberty to set up a structure in a fashion suit- 
able for showing the transformation to a new ring structure through the 
splitting out of a molecule of water or ammonia as in the formation of fur- 
fural from pentose and of cyanuric acid from urea. The student displayed 
greater accuracy in such exercises as the writing of the formulas for the iso- 
meric heptanes, avoiding duplications which are so common in an exercise of 
this kind. Furthermore, additional emphasis of certain fundamentals was 
brought about, as in the case of stressing the symmetry of the benzene 
ring and free rotation about a single bond through such formulas as num- 
bers IX and X, respectively, of the chart. It is believed also that the 
students became more accurate in naming compounds through their in- 
creased ability to pick out the parent stem and to locate the important 
groups in structures of the multiple function type. Increased ability 
to name structures entirely new to them was shown by a considerable 
number of students. These are only a few of the observed advantages 
that might be gained through the drills as described above. 

No doubt other teachers of organic chemistry have written on the lecture 
board, more or less casually, many distorted and reversed graphical formulas 
to accomplish much that has been mentioned in this paper, but it is believed 
that such drills as are briefly described herein have a greater pedagogical 
power than many teachers of the subject realize and their use should be 
encouraged in the teaching of graphical chemistry. 








A SYSTEM FOR ELIMINATING BOOKKEEPING IN LENDING 
ARTICLES FROM THE LABORATORY STOREROOM 


CLYDE W. ToTTEN 
UNIVERSITY PREPARATORY SCHOOL AND JUNIOR COLLEGE, TONKAWA, OKLAHOMA 


Each student is given a definite number of checks marked with his desk 
number. He gives a check to the storekeeper in exchange for each article 
borrowed temporarily from the storeroom. When the student returns the 
article he receives his check again. Cost and directions for installation of the 
system are given. 


It should be emphasized at the outset that the system described herewith 
pertains only to those articles lent temporarily. Articles added perma- 
nently to the student’s outfit are accounted for by another method. 

This system has the following six advantages: 


No writing is required by student or storekeeper. 
No stationery or printed forms are required. 
The time of student and storekeeper is economized. 
The equipment for the system is not expensive and lasts indefinitely. 
5. The storekeeper can see at a glance exactly how many of each article 
have been lent and who has each article. 
6. The student likewise can ascertain at any time the number of articles 
he has borrowed from the storeroom. 


m CD 


How the System Was Installed 


The system, as installed, consisted of three parts: (1) the checkboard, 
(2) the students’ checks, and (3) the article namecards. 

The checkboard was made of soft pine an inch thick and three feet square. 
It was marked off into squares by means of horizontal and vertical lines one 
and one-fourth inches apart. Three-fourth-inch brads were driven part 
way into each intersection of these lines. The brads were slanted into the 
wood so that the checks and namecards could hang on them. 

The student checks were made of the round, metal-edged marking tags 
about one inch in diameter, used to denote prices of goods in department 
stores. Each student’s locker number was printed on both sides of each of 
five checks. All checks were hung on a horizontal wire and coated with 
colorless lacquer. Each set of five checks was then hung on a brad in the 
appropriate lockers until needed. 

The article namecards were made of heavy white pasteboard, two and 
one-fourth inches wide and one inch high, with two holes one and one-fourth 
inches apart along the top side so that the cards could hang on any two 
adjacent brads on the checkboard. The name and size of the article to be 
lent was printed below the holes and the entire card coated with colorless 
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lacquer. When the set of cards was complete they were hung in alpha- 
betical order on the left side of the checkboard. 


The System in Operation 


Reference to the accompanying illustration will clarify the following rules 
of operation given to the storekeeper. 


1. Do not place cards or checks over one another on the same brad. 

2. Keep all checks to the right of their appropriate article namecards. 

3. Ifa large number of any one article is to be lent hang the namecard 
perpendicularly so that two rows of checks can be hung to the right of it. 

4. Checks are more easily handled, when lending duplicate groups of 
articles, by grouping the namecards of these articles together on the check- 
board. 


Materials and Approximate Cost 


Materials and approximate cost of a system for lending fifty articles to 
one hundred students: 


PRAIRORS GORE OIG eerie a ci ace io Sail ilaiode bn ce dae ON $0.20 
ICES BORG DUNC SA NI eins... «9:9 0 enein. tops sw OR Seq .90 
Me MarR i NEE gt eran araccie S eiaraths woh: Sieben on teE We .05 
500 round, metal-edged tags, diam. 1”......................-. .50 
De RIM MIN ha i eas ss oe xn bo G's osiehn p nabiaiocn a wheal .15 
1 square foot heavy white pasteboard.................2.00000- .05 

Miscellaneous (six-penny nails, dark paint for checkboard, small 
STIOE TAS POTIT  NE, OR GS cnc 24S dc wks ppt nos ele aka gE, 
$2.00 


The author has used the above system very successfully for two years. 
Never at any time was there any question regarding which student had 
checked out any given article. The six advantages listed at the beginning 
of this article have fully justified its installation. 
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\Niwhninwuiiecinaanare™ 
The number of texts, workbooks, handbooks, slides, films, charts, exhibits, 
and other materials of value in the teaching of chemistry has increased enor- 


alee mously during the past few years. Since teachers cannot hope to secure every 
item for examination and evaluatian, a plan is described whereby the teachers’ 
ad. college assembles all useful items and assists the teacher in selecting those which 
ds. fit his particular needs. 
ard 
of During the past decade, great changes have been made in the teaching 
*k- of high-school chemistry. Much new subject matter has been introduced 


and new types of texts and laboratory manuals have been prepared; new 
types of apparatus, new types of laboratory furniture, new visual aids of 
all kinds have appeared and projection apparatus has come to be con- 
to sidered as regular equipment. In a dozen different ways, the new is 
pressing against the old in chemistry teaching. 

The average teacher, hard-worked in carrying a heavy teaching load, 
finds it next to impossible to examine, evaluate intelligently, and choose 
the text, the apparatus, the projection material, or the other equipment 
which best suits his-particular situation. 

To assist the teacher, bewildered by the many things offered, teacher- 
training institutions have begun to develop field service. As this service 
is a comparatively new feature in teachers’ colleges, much experimenting 
has been necessary in order to learn how to render, at the least cost, that 
service which is most needed. For several years the chemistry depart- 
ment of the State Teachers’ College at Oshkosh, Wisconsin, has been ex- 
perimenting in an attempt to determine how best to give this type of ser- 
vice to chemistry teachers in the various high schools of the state. Dur- 
ing the past three years, a special effort has been made to develop a regular 
bureau of teacher service in the chemistry department. For the benefit 
of other schools, which prepare secondary-school teachers, a description 
of this bureau as it is now being developed is given, with the thought that 
this may serve as a point of departure for the development of something 
better in this field. 


JO fe 


General Description 


In a set of special shelves, set aside in the departmental library are a 
large number of high-school chemistry texts, laboratory manuals, teachers’ 
handbooks, apparatus and chemical catalogs, special pieces of apparatus, 
and illustrative materials of all kinds. Many other materials of interest 
to high-school chemistry teachers have been assembled. It is intended 
that the best devices, courses of study, charts, pamphlets, books, or any 
1255 








1255 JOURNAL OF CHEMICAL EDUCATION JULY, 1932 


other items that have exceptional value in teaching high-school chemistry 
shall be represented; that these materials shall be available to any high- 
school teacher who wishes to visit our school to examine them. A chem- 
istry teacher will sometimes spend an entire day examining these materials 
and making notes for future purchases. Many of the materials may be 
loaned for a short period of time to teachers in the field. Teachers may 
also write to the department and secure information regarding any of the 
materials in the bureau. (Stamped return envelope should be enclosed.) 
A more complete description of the materials follows. 


Texts and Laboratory Manuals 


The latest revisions of twenty widely used high-school chemistry texts, 
together with accompanying laboratory manuals or work books have 
been assembled. The visiting high-school teacher may not only examine 
these books, but may also find, in each, clippings of many of the reviews, 
and other data which would help him to evaluate it. In addition, the re- 
ports of committees of chemistry teachers from various cities in the United 
States and from many individual teachers as to the advantages and dis- 
advantages of each of the various texts may be seen. In some cases these 
committee reports recommend certain texts for use in a particular type 
of school or locality. Information as to the extent and locale of use of 
each of the texts is also available. Score cards for textbook evaluation 
for various types of communities have been assembled. A complete 
analysis of the twenty texts has been made by the department. This 
gives specific information about each text, showing: number of pages; 
number of illustrations; total square inches of illustrations; number of 
charts, graphs, and tables; number of ‘‘yes” or ‘‘no’’ questions; number 
of numerical problems; number of equations; errors in statement of fact, 
omissions, strong features, and many other important facts. The teacher 
may use these and may also have the advice and assistance of the instruc- 
tors in the department when using its facilities in selecting a text. 


The Chemistry Teacher’s Private Library 


This consists of what is considered to be the better teachers’ hand- 
books, teachers’ manuals, syllabi of high-school chemistry courses, and a 
number of other materials which deal with problems in the teaching of 
chemistry or which will aid in teaching chemistry. 

Here the teacher may examine books dealing with the chemical lec- 
ture experiments; here he may study at first hand review books, books of 
chemical equations, new-type questions, books of problems, questions, 
and equations, syllabi of all available state courses of study, and many 
other similar materials. In addition, a number of books dealing with the 
teaching of science and especially with the teaching of chemistry have been 
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assembled. These books have been carefully selected and represent what 
are believed to be the very best in their field. When a new book is pro- 
duced, it is examined and if found better, it replaces a book already in 
this list. In this group of books are included chemistry and physics hand- 
books, a few representative college texts in general chemistry, chemical 
dictionaries, books dealing with the theory and practice of secondary edu- 
cation, the place and purpose of the high school, and many monographs 
reporting research relating to subject matter, administration, and labora- 
tory teaching in high-school chemistry. Several books and lists relating 
to enriched teaching of science in the high school are also to be found. 
This group of materials represents what is believed to be the best avail- 
able books for a teacher’s personal library. 


A High-School Reference Library in Chemistry 


An “ideal” high-school chemistry library has been assembled. This 
consists of a nucleus made up of a list of books which can be purchased for 
$100; a more extensive list is prepared for those who have an additional 
$100; and a still more extensive list for those who have a third $100. 
The books have been listed according to the following types: 

1. Popular books on chemistry, such as the nine books of The Chemi- 
cal Foundation, Inc., “The Making of Chemistry,’ by Harrow, ‘“‘Chemistry 
in the World’s Work,” by Howe, “Foundations of the Universe,’ by 
Luckiesh, ‘Chemistry in Modern Life,’’ by Arrhenius, etc. 

2. Dictionaries, Encyclopedias, and Handbooks, such as ‘‘Chemical En- 
cyclopedia,” by Kingzeit, ‘“Chemical Dictionary,” by Hackh, “Chemistry 
and Physics Terminology,” by Frank and White, etc. 

3. Books on the History of Chemistry, suchas “The History of Chemistry,” 
by Venable, ‘‘Historical Introduction to Chemistry,’ by Lowry, ‘Old 
Chemistries,’’ by Smith, ‘History of Chemistry,’’ by Moore, etc. 

4. Chemistry Texts and Books on applications of chemistry. Eight 
of the twenty high-school texts described in the list of texts are included 
in this library. Eight recently written or revised college texts in general 
chemistry are also included. Three good texts dealing with qualitative 
analysis, three texts dealing with organic chemstry, three good-references 
on quantitative analysis, two physical chemistry texts, and books on 
chemical engineering complete the list. 

5. Periodicals. There have been assembled current numbers of thirty- 
five different periodicals which have been found to be of value in the 
teaching of chemistry. Many of these periodicals may be obtained free 
of charge. Some of the best of them have to be purchased. In some 
cases, complete files of the periodicals are available. A mimeographed 
sheet giving a description of each periodical, together with its cost and ad- 
vice as to its usefulness, has been prepared for the teacher. 
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6. Bibliographies. A number of bibliographies of research reports of 
interest to the science teacher have been assembled. A digest of infor- 
mation as to the content and usefulness of each is provided. 


Apparatus Exhibit 


The inexperienced teacher, and even the experienced teacher, frequently 
has great difficulty in selecting a certain piece of apparatus where a great 
variety of types and sizes are offered. One single catalog offers more 
than fifty different kinds of thermometers. For the average teacher to 
make the wisest and most profitable choice of these thermometers would 
require several hours of study. The thermometer is only one of many 
cases of this kind. The average teacher needs much advice and assistance 
in selecting apparatus and supplies best fitted for his use. 

In a special set of apparatus cases have been assembled pieces of ap- 
paratus of each of the more widely used types where a great number of 
sizes and shapes are in common use in high-school chemistry, as follows: 

A thermometer of each of the common types; a Bunsen burner of each 
of the common types; rubber tubing of the common types and sizes; 
glass tubing of the common types and sizes; test-tube brushes of various 
types; four types of balances for high-school use; combustion boats of 
various types; combustion tubing of various types; rubber stoppers— 
all types and sizes; beakers of all common sizes, shapes, and materials; 
filter paper of various kinds; etc. 

With each is a card indicating the department’s recommendation of 
its value and how and where best used. The strong and weak points 
of each are carefully tabulated. Recommendations are made as to sizes 
of rubber stoppers, glass tubing, test tubes, flasks, rubber tubing, etc., 
so that the various pieces of apparatus fit and so that the number of dif- 
ferent sizes and types may be kept at a minimum. 


Apparatus Lists 


Recommended lists of apparatus prepared by the state departments, 
committees, textbook writers, supply houses, and others have been made 
available for the teacher who wants to purchase apparatus. In addi- 
tion, lists of apparatus for the demonstration desk and suggestions regard- 
ing suitable demonstrations have been prepared. 


Tests 


All available tests have been collected for examination. Prices and 
place of purchase of each are given. In addition, all available informa- 
tion as to the usefulness of the various tests has been assembled in easily 
accessible form for the teacher. 
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Industrial Materials 


Several hundred pamphlets, books, and bulletins from industrial con- 
cerns have been assembled for examination by teachers. A large number 
of industrial exhibits are also shown in a special cabinet. All these have 
high teaching value and may be obtained by teachers who wish to use them. 

Slides, Filmslides, Pictures, and Charts 

More than two hundred slides for use in the teaching of chemistry, 
a number of filmslides, hundreds of pictures having teaching value and 
many charts, maps, etc., useful in the teaching of chemistry may also be 
examined by visiting teachers. 


* * * * of * 


From the interest shown by chemistry teachers who visit the service 
bureau and their expressed appreciation of the assistance given, the writers 
have been encouraged to give this brief description, to study further the 
possibilities in the plan, and to ask the assistance and advice of others 
who have attempted something of this kind in other schools. 


A CHEMICAL CURIOSITY 


H. W. Matzke, SENIOR H1GH ScHooL, ANN ARBOR, MICHIGAN 


The writer has noted a rather curious chemical phenomenon which may 
be of some interest to others. On our shelves 
in the storeroom we found a bottle of AsCl; 
which had been placed with some bottles 
containing ammonium salts. Our shelves are 
glass-enclosed and therefore are not subjected 
to air currents. The accompanying photo- 
graph shows the result. 

It would appear that the AsCl; evaporated 
because of improper closure of the bottle and 
hydrolyzed upon coming in contact with the 
moisture in the air. Ammonia, originating 
from the ammonium salts, was also present in 
the air. The grotesque formation on the top 
of the bottle should therefore be a mixture 
of AseOxz [or As(OH).C1] and NH.CI. It pre- 
cipitated As,S; with H2S; liberated NH3 when 
treated with NaOH, and precipitated an abun- 
dance of AgCl upon the addition of AgNO;. 

Although the explanation seems simple 
enough one would scarcely predict the stalagmite-like structures with the 
ring markings of such a symmetrical nature. 








ORGANIZATION OF SCIENCE CLUBS IN THE HIGH SCHOOL* 


DonaLp D. Pettit, SENIOR HiGH, CEDAR FALLS, IOWA 


This paper deals with the objectives, principles of organization, and conduct 


of high-school science clubs from the viewpoint of practical application. Ob- 


Jectives lasted include: 1, capitalization of social instincts; 2, motivation of 
classroom work; 3, development of citizenship; 4, utilization of leisure time; 
5, development of better pupil-teacher relations; and 6, promotion of interest 
in the sciences. Practical application is developed in the consideration of the 
time of meeting, place, principles of organization, a plan for a science club in 
the smaller school systems, and suggestions for club programs. 


In keeping with the program of furthering the organization of high-school 
science clubs adopted by the Iowa Academy of Science at their meeting last 
spring, I have been asked to present to you a few of my experiences in con- 
nection with the conduct of a successful, growing science club in our school. 

Because of the fact that this group no doubt is composed of teachers from 
schools in which the club idea is already well advanced, and teachers who 
are not familiar with the effect of clubs on school and class attitudes, the 
presentation of this subject becomes somewhat involved. Many of you 
have gone through the experiences as I have and have profited by your 
errors, but for the benefit of those who do not operate a science club, I 
would like to outline a few objectives of clubs as I see them. 

In the first place clubs of children of high-school age are natural. They 
like to be together socially, and the club affords contact where they are free 
from classroom restraint. By carefully curbing and directing this natural 
tendency one of the greatest educational forces may be utilized: namely, 
that of learning from others. This gregarious instinct must be capitalized 
by diligent search on the part of the teacher for opportunities for them to 
work and play at things in which the majority are interested, and which 
are of educational value. 

Secondly, club work offers an excellent opportunity to motivate class- 
room work in the sciences. We all know from personal experience that 
many subjects which we have studied have been dull, because we were not 
allowed sufficient latitude to develop interests that were awakened by vari- 
ous topics. This defect of our educational system is unfortunate, but un- 
avoidable. Large classes, limited time for class work, and inability to 
take care of the differences of pupils is largely responsible for this situation. 
Club work offers an opportunity to remedy this by allowing the student 
informal participation in its activities, and the chance to choose what he 
wishes to do. 


* A paper presented before the Chemistry-Physics Section of the Iowa Association 
of Science Teachers at the Des Moines meeting, November 12-14, 1931. 
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A third objective is the development of the desirable qualities of citizen- 
ship in students who may be inclined to learn well but fail in their contact 
with fellow students. Those lower in the ability scale learn to follow the 
jleadership of others and to apply their training with the result that actual 
improvement in learning power is observed. Approval or disapproval of 
their friends about them is the all-powerful weapon placed in the hands of 
the teacher by stimulation of club activities. Throughout the years that 
I have been in contact with boys and girls in club activities I have wit- 
nessed this development of initiative on the part of backward students, and 
feel that, if for no other reason, the effort has been worth while. I have 
observed clubs conducted by people lacking this bit of knowledge where it 
was necessary for the teacher to remain always in the center of the stage 
to maintain discipline, while the shifting of responsibility to student’s shoul- 
ders would have out-generaled the trouble-makers and have made trust- 
worthy citizens of them. 

In this modern world the increased use of machinery has so lightened the 
labors of the chief provider that it is no longer necessary for him to call upon 
the children to assist with the home duties with which many of us were 
familiar. Consequently, an important aim of education in general is to 
cultivate a wise use of the increased leisure time which the children have 
and this is certainly a worth-while objective of science clubs. If we can in 
any way widen the horizon, or stimulate the interest of these pupils in 
order that they may more profitably spend this time, the club will have 
justified itself many times over. School work in itself serves to broaden 
interests by opening new fields, but this means is limited by an obstacle 
difficult to surmount—namely, that this work is required. 

We have in our club several members who are actively engaged in support 
of the club program, and I suspect that if it were not for this interest they 
would have long since left school. They are older than their classmates— 
handicapped in school by poor home conditions. The family school record 
in each case is one of continued failures and ultimate removal from school; 
yet because they have the opportunity to develop their ideas, they are 
constantly in my office with suggestions, questions, and criticisms, and at 
least one of them has shown a continued improvement in scholastic record 
until he ranks as a “‘B’’ student and is in position to receive excellent recom- 
mendations from the faculty. In these cases the pupils have not only been 
encouraged to remain in school, but they spend all their leisure time in the 
laboratory and library—the result of following their inclinations under the 
guise of ‘‘science club’’ work. 

Another benefit of club work that has come to me, and which I believe 
should be given a place as one of the objectives, is the closer contact with 
and understanding of the student and his problems. To be sure, some 
school administrators do not believe in this ‘‘fraternizing’’ of teacher and 
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pupil, fearing loss of authority with its accompanying difficulties. No 
doubt this is possible with certain types of personalities but the fault lies 
with the administrator since such an individual is scarcely capable of filling 
his position satisfactorily even under classroom conditions. I am sure 
you will agree with me that it is very possible to maintain a quiet dignity 
and at the same time acquire a personal relationship with the students, | 
have learned that if I am sincerely interested in the topic in hand, students 
will assume the same attitude and under the mantle of working together 
we arrive at an intimacy that I cannot conceive as being anything but 
wholly desirable. 

In our particular system, I have had to teach one section in biology and, 
although I have had some training in that subject, it is not my major inter- 
est and I find that I must exert every effort to show a high degree of inter- 
est, or else I lose this intimate contact. Thus, a real stimulus to endeavor 
to reach the same understanding basis with these students is offered, and it 
serves as an incentive to me. In this way, the teacher, himself, profits 
from the work. 

The foregoing discussion of objectives might well be applied to all club 
work but a sixth objective, limited to science clubs alone, is that of promot- 
ing an interest in science which is rarely, if ever, accomplished in the class- 
room. Our own experience with our college classmates and students has 
shown us that many enter college detesting the sciences and with a com- 
pletely distorted picture of the value and application of them. The re- 
sponsibility for this unfortunate attitude lies with the high-school teacher. 
We can do much to lighten the task of our college colleagues and to cut 
down the percentage of failures if we send out these students imbued 
with a feeling of satisfaction about the time spent in our subjects, and an 
understanding of scientific principles, materials, and procedure that is 
truly a part of them, not an item on their transcript of credits. 

For the group of students who do not enter college it is possible to relate 
various scientific principles with such practical, every-day affairs that their 
courses in physics, chemistry, or biology become valuable tools to them. 
The idea of developing the sciences from a vocational point of view may 
be effectively accomplished but must not be overemphasized in the class- 
room because of this exceedingly large group who never reach college. 

The realization of these ideals may readily be accomplished in club work 
by allowing the members to relate the principles learned in their classes 
with such items as local industries, natural resources, commerce, the pro- 
fessions, trades, the home, and amusements; to widen their cultural horizon 
by helping them to interpret current inventions, discoveries, and other im- 
portant events. 

In the preceding discussion I have shown that the science club has a 
very definite place in our educational system but the practical organization 
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and operation presents the real problem to the science teacher, burdened as 
he is with large classes and extra-curricular activities. 

I have been somewhat annoyed by educational theorists who outline 
objectives, teacher and pupil aims, and basic principles and then fail to 
show practical application, and I suspect that you have had the same sensa- 
tion while attending classes in education, reading texts, listening to lectures, 
and hearing such papers as this read at conventions. Consequently, I 
wish to avoid that by presenting a working plan by which the busy teacher 
may operate a science club profitably both to himself and his pupils. I do 
not guarantee that this plan will not add some work and time to that which 
you already have to employ, but I will guarantee that, after the club is oper- 
ating, the time formerly required in working to maintain high class stand- 
ards will be materially shortened, thereby compensating the added burden. 

In regard to the time of meeting of the club I am quite positive that if it is 
to accomplish the high ideals which I have set out, it must be conducted at 
some time other than the regular class period. The practice of a Friday 
club in place of regular class work does not offer sufficient stimulation to the 
members. It is not a club—still a class, composed of the same people, and 
does not allow sufficient freedom for the development of the natural social 
groups. After-school meetings are never very satisfactory especially in the 
small school where the boys are engaged in athletics. Then, too, at the 
close of the day, many are anxious to get away, and are entitled to a few 
hours of recess from their mental activities of the day. This leaves two 
possibilities; first, meeting during a special activities period some time 
during the day, or at night. The former may be at any time, but in a 
large number of schools it is held either the first period after lunch or else 
the last period of the day—various reasons being advanced for each choice, 
such as: ‘‘after lunch the pupils are not in condition for hard mental 
work’’ and ‘“‘the last period is bad for class work because the pupils are 
tired.” However, both of these reasons also make the period bad for the 
club, but perhaps this time of meeting is to be preferred to the second possi- 
bility, the night meeting. In our school the use of the five-period day 
makes impossible the long period for activities, so we use the night meet- 
ing—the building being opened every Thursday from seven to nine o'clock 
for clubs. The students are informed that that night is set aside for club 
meetings and we will not allow anything else to interfere with them, re- 
questing at the same time that they exercise a similar restraint. Meeting 
out of school hours has many disadvantages and I do not recommend it. 
However, in our particular community club night has come to be under- 
stood and seems to work quite satisfactorily. Many of our parents have 
voiced their approval, saying, ‘‘that night we know where the children are.” 
The time for meeting will, of course, vary in each community depending 
upon the flexibility of the schedule, local conditions, and sentiment. 
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The place of meeting should, of course, be at school and probably in the 
science lecture room, since it affords all necessary conveniences. Any 
club, meeting outside of the school building, is likely to fail in its educa- 
tional significance, and become purely a social affair. 

I have found that certain practices are essential to the well-being of the 
club, and they have gradually been adopted in the effort to perfect our 
organization. As I look back, I believe that the gradual addition of these 
principles has played an important part in the development of the club, 
and I wish to offer them to you at this point. 

1. The club should be chartered by the school authorities. 

2. It should have definite objectives and the purposes should be those 
of the members—not the teachers. 

3. Membership should be voluntary. 

4. A club may easily become unwieldy. It should be limited in size. 

5. Membership fees and dues should be kept very small, so that no stu- 
dent is barred from membership because of financial reasons. 

6. Provision should be made for participation by all members. 

7. All program meetings should be open to every one, whether a member 
or not. 

8. An initiation ceremony (1) may be profitably employed as a means 
of stimulating interest, but it should avoid horseplay as much as possible 
and be concluded with a formal induction service. 

9. Club insignia tends to stimulate pride in one’s organization but 
should be optional if used and never costly. One of our students designed 
ours in mechanical drawing and the club as a whole stood the initial cost 
of having the die made. Thus we have an exclusive pin at a very reason- 
able price. 

10. A school officers’ association organized for the purpose of studying 
parliamentary practice is an excellent supporting project and should be 
arranged by coéperating with the sponsors of other clubs in your school. 
Overemphasis on business in club programs is easy, but the time required 
for such necessary matters may be shortened by adhering to parliamentary 
rules of order. 

11. A club constitution (2) adds dignity to an organization and im- 
proves the attitude of its members. Its importance also may be over- 
emphasized, but on the whole I believe that our club has profited by its 
formulation and adoption. We have had ours printed and bound in book- 
let form and one is presented to each new member following the induction 
service. 

The internal organization of the club will depend a good deal upon the 
nature of your group. If you expect to operate a separate club for each of 
the sciences, as is done in many of the larger schools, the organization is 
much simpler. Since the majority of science clubs will be in schools where 
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one or perhaps two teachers are in charge of all the science work, one or- 
ganization will be all that can be handled and all that is necessary. Each 
year for five years we made changes in our organization to adapt it to the 
various interests of the several sciences until we arrived at our present sys- 
tem which we have used for the past two years and find works quite satis- 
factorily. The ideal to which we all aspire, I am sure, is to have the 
children assume an active part and do the work, enabling us to sit back and 
enjoy the satisfaction accompanying increased leisure time. The fact that 
Iam probably slightly lazier than the average teacher and wished to re- 
duce the amount of time and effort required of me furnished the impetus 
for the development of our plan. For the club’s sake this has been, no 
doubt, a fortunate failing. 

In our system students of all sciences are organized in one club with the 
following purpose, which I shall quote from the constitution—the result of 
part-time work over a period of two months by a constitutional committee 
composed of five picked students. ‘‘Whereas the amount of material to be 
covered in the short time allotted for classwork makes it impossible to bring 
in outside thought, or allow sufficient time for individual research, we, the 
science students of the Senior High School, feel that an outside organiza- 
tion is desirable in order to increase the knowledge of and interest in the 
sciences.” 

Membership in the club is limited to those who have had or are taking 
either chemistry, physics, or biology and continued membership depends on 
attendance and willingness to take part in the programs of the club. 

Club officers are elected each spring from the membership at large and 
hold office for one year. Nominations are made by the cabinet with my 
approval, in order to insure election of qualified students. The new officers 
take charge while. the retiring officers are still in school, and are under the 
tutelage of these students. The number of offices should be limited to those 
that are absolutely necessary. Others may be added as the need for them 
develops. We use the usual officers with certain prescribed tasks in addi- 
tion to the customary constitutional duties. For example, the vice-presi- 
dent is chairman of the program committee, and the sergeant-at-arms has 
charge of club properties and assists visiting lecturers. 

The club is divided into three sections for program development and to 
avoid the danger of disinterested, unqualified members attending meetings 
of sections in which they have had no training. Each section has its own 
chairman and program committee. The club program committee decides 
what nights shall be assigned to the individual sections and plans the gen- 
eral meetings which occur once a month. The section program committee 
develops its own program on the days assigned by the general committee, 
basing its decision on suggestions placed in the club question box. Mem- 
bers are required to attend only their section meeting and the general meet- 
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ing, but are welcome to attend at any time. If any member misses more 
than two consecutive meetings at which he is supposed to be present, he 
may be suspended and may only be reinstated by appeal to the faculty 
advisors. We enforce this rule and the rule governing active participation 
carefully. 

The officers and committees are assured of their responsibility in sup- 
porting the constitution, developing the program, and inflicting penalties so 
that all action emanates from the students. This requires a good deal of 
practice on the part of the teacher in order to direct without seeming to, but 
it can be accon.plished, and the result is a self-operating club, taking up very 
little of the sponsor’s time. Our club now has sixty-two members which 
would be unwieldy were it not for the sectional organization. 

The programs of the general meetings consist of such generalized topics 
as to be of interest to all, such as: a science play, exhibition, vocational 
talks, lectures, industrial movies, astronomical studies, geological history 
of our locality, botanical and zoélogical surveys, and study of great scien- 
tists and their contributions. We are fortunately located where it is very 
convenient to obtain speakers, but I believe that the Iowa Academy of 
Science has agreed to help locate speakers for all Iowa clubs—at least, I 
am certain that you can depend upon the Academy members to give what 
assistance is within their power. 

Many teachers have told me of the difficulty of planning programs—to 
find something new and interesting presents an endless problem, and was so 
to me until I realized that the entire field of the respective sciences is new 
and different to the student, and he is interested in nearly every phase that 
is proposed. There are available from several sources (3) long lists of sug- 
gested program material. The best use of these suggestions is to prepare a 
list of possible lines of investigation and post in a conspicuous place for the 
members to inspect. Have them choose topics they would like and place 
signed suggestions in a question box. In this way the work may be built 
around the student-declared interests. It is but very rarely that I have to 
interfere with program selections, and even then it is just to keep the sub- 
ject within educational boundaries. I believe that it is possible to resort 
to too many spectacular demonstrations, because students begin to view 
club meetings as purely a time when they are to be entertained. The secret 
of success lies in creating the attitude among the members that every pro- 
gram depends upon their active interest and participation. 

Nearly any principle in the sciences offers an opportunity for further 
investigation, and in many cases it is possible to repeat research already 
reported, but not in the possession of the elementary students. The topics 
of the American Chemical Society Essay Contest suggest a great variety 
of programs, for the typical class represents those interested in every angle 

of life. In brief, things perfectly obvious to us are hidden mysteries to the 
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student, opening vistas for tremendous soarings of the imagination, and 
practical possibilities for investigation. It behooves us to get the student 
viewpoint. 

Literature Cited 
(!) Watters, O., “A Successful Chemistry Club Initiation,’ J. Cuem. Epuc., 6, 


958-62 (May, 1929). 

(2) DUNBAR AND ScCHAFER, “The Organization of the High-School Science Club,” 
ibid., '7, 1327-31 (June, 1930). 

(3) AsTELL, L. A., “Fostering Science Clubs in the High School,” ibid., 6, 496-501 
(Mar., 1929); Beery, PAULINE G., ‘“‘The First-Year Chemistry Course,”’ 1bid., 
8, 1781-816 (Sept., 1931); DUNBAR AND SCHAFER, see (2) above. 

Note: Copies of the initiation and induction ceremony may be obtained at ten cents 
each. Printed copies of the Constitution and By-Laws are fifteen cents each. 


TWO SIMPLE METHODS FOR EXTRACTING FROZEN STOPPERS 


C. ALLEN SLoAT AND AUSTIN E. DIEHL, GETTYSBURG COLLEGE, GETTYSBURG, PA. 


A number of methods have been proposed for f] 
the removal of frozen stoppers. The most satis- 
factory method consists of applying an upward 
force to the stopper itself. In this paper the au- 
thors describe two very simple ways of doing this. 

In method 1 (see Figure 1) the bottle with the 
frozen stopper is placed upon a support and a 
ring is fastened over it to hold it in place. A soft 
iron wire is then fastened around the stopper so as Cl | 
to exert an even pull. The wire is then attached 
to the movable jaw of a Bunsen clamp. The up- 
ward pull is applied by screwing up the clamp. If 
the stopper is badly frozen, a gentle tapping on 
each side will help to loosen it. —, 

In method 2 use is made of a Ford valve-lifter 
such as can be purchased at any auto supply store 
for about a quarter. To prepare it for use as a stopper-remover that will 
fit around the stoppers of all the ordinary 
sized bottles, the openings are ground down 
to a wide V-shape, the larger one below and 
the smaller one on top. It is also desirable 
to grind down the contact surfaces of the 
jaws so that they may come as close together 
as possible. The instrument is used as indi 
cated in Figure 2 by simply inserting the jaws 
between the bottle top and the stopper and 
applying pressure. To prevent accidents 
it is best to grasp the stopper with a folded towel. 
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NEW LABORATORY PREPARATIONS FOR THE COURSE IN 
ORGANIC CHEMISTRY. III. 


DIBUTYL ETHER FROM BUTANOL-1* 


G. R. YOHE AND MARTHA TRYON YOHE, OHIO WESLEYAN UNIVERSITY, DELAWARE, OHIO 


A method for the preparation of dibutyl ether as a laboratory experiment for 
the course in organic chemistry is given. It is an adaptation of the usual sul- 
furic acid method for the preparation of ethers, and enables the student to isolate 
the water formed during the reaction of dehydration. 


The laboratory work in beginning organic chemistry, as usually given, 
properly includes the preparation of an ether. The compound of this 
class most frequently studied is diethyl ether. The writers believe, how- 
ever, that the synthesis of dibutyl ether has certain advantages over the 
usual diethyl ether experiment. Diethyl ether is somewhat nauseating to 
a number of individuals, it is so volatile and flammable that some danger 
attends its preparation in a crowded laboratory, and it is exceptional in that 
its boiling point is lower than that of the alcohol from which it is prepared, 
which is true of only the first three di-n-alkyl ethers. The study of dibutyl 
ether seems more desirable in view of the development of the butanol in- 
dustry and the production of the higher ethers as commercial solvents. 

The preparation of dibutyl ether as outlined herewith is simple, and has 
the definite advantage that the student can see it as a dehydration reaction, 
as he actually sees and separates out the water that is formed in the reac- 
tion. It also gives the student opportunity to see the existing possibility 
of a side reaction in the formation of butene. This preparation is a modi- 
fication of the method reported by Hultman, Davis, and Clarke (1). The 
automatic separator is not used, as its construction and operation are 
hardly worth the time required for the beginning student. Instead, re- 
peated distillations, with the separation of the water, and returning of the 
non-aqueous distillate to the reaction flask have proved quite satisfactory. 
References to some of the more important work on dibutyl ether are given 
at the close of the paper (2), (3), (4). 

The reaction presumably takes place in the two steps given below: 

1. C\HOH + H,SO, —> C,H,OSO;H + HO 
2. CsH9»OSO;H + CysHyOH — > C,H yOCyHy + H2SO, 


the latter reaction taking place at a higher temperature. Too high a tem- 
perature, and too high a concentration of sulfuric acid are conditions to be 
avoided, since they lead to the formation of butene-1: 

3. C.H»OSO;H —» CH;CH:CH:CH,; + H2SO, 


When the successive distillations are carried out until no more water is 
carried over, very little butanol remains. The product is fractionated 
* For I and II, see J. Cuem. Epuc., 7, 856-8 and 2712-4 (Apr. and Nov., 1930). 
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three times in the usual manner, using only an ordinary distilling flask, and 
the dibutyl ether resulting is of very good quality, with an average refrac- 
tive index, 73°, about 1.3990. Popelier (2) reports m}°, 1.4010. 

In following the directions given hereafter, a class of twenty-eight stu- 
dents reported yields averaging 25.6% of the theoretical. The lowest 
reported was 19%, the highest 33.8%. Yields obtained by the writers 
(60 g. of butanol-1 were used in all experiments) under varying conditions 
are tabulated: 


TABLE I 
Maximum Temperature, 135°C. 
Amount of H2SO.4 Yield of Ether 
] 40 g. 10% 
2 30 g. 22.7% 
3 20 g. 35.2% 
4 15 g. 34% 
5 10 g. 36.3% 
TABLE II 
Amount of Sulfuric Acid, 20 x. 
Maximum Temperature Yield of Ether 
] 150° 17.3% 
2 140° 21.7% 
3 135° 35.2% 
4 130° 25% 


An experiment using the conditions of 3, Table I, but removing the product 
from the reaction flask by steam distillation, gave a yield of 11.5%; a 
similar run in which the reaction mixture was neutralized, then steam dis- 
tilled, gave a yield of 19.2%. In both cases the butanol fraction in the final 
distillation was larger than in experiments where steam distillation was not 
used. From these results it is apparent that steam distillation causes an ap- 
preciable loss of product, probably by hydrolysis. Another run, duplicat- 
ing the directions below with the exception that a two-bulb fractionating 
column of the type frequently issued for student use was employed, gave 
a yield of 34%, n®) 1.3989, n'? 1.4011, showing that the use of such a column 
is not particularly advantageous. The fact that higher yields are not ob- 
tained need not be disconcerting, for, in the experience of the author, stu- 
dent syntheses of diethyl ether of comparable purity do not result in better 
yields than this. 
Directions to Students 


The directions for the students were selected to combine the best yield 
with reasonable convenience and minimum time required for carrying out 
the experiment. The direction sheets read as follows: 


A 500-cc. round-bottomed flask is fitted with a stopper carrying a de- 
livery tube, a dropping funnel, and a thermometer reaching to the bottom 
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of the flask. The delivery tube is attached to a condenser set for distilla- 
tion. A 60-g. portion of butanol-1 is placed in the flask, and 20 g. of con- 
centrated sulfuric acid added carefully and with constant agitation. The 
mixture is now carefully distilled with a low flame until the temperature of 
the liquid reaches 135°C. At this point distillation is stopped, and the 
aqueous portion of the distillate separated carefully by means of a small 
pipet. The water is placed in a 5- or 10-cc. graduated cylinder and the re- 
mainder of the distillate returned to the reaction flask through the dropping 
funnel. The distillation is repeated, stopping at the same temperature as 
before, and the volume of water collected is again measured. Tabulate 
in your notebook the successive distillations with the total amount of water 
collected at the close of each. When no more water comes over with the 
distillate, or when distillation no longer takes place at the temperature 
given, the flask is cooled, about 150 cc. of water added, the dibutyl ether 
layer separated off and dried with anhydrous potassium carbonate. It is 
then filtered or decanted into a suitable distilling flask, and fractionated 
three times, taking the fractions as follows: I, up to 123°; II, 123-138°; 
and III, 138-143°. Fraction III is dibutyl ether. Weigh, determine the 


refractive index, and calculate the percentage yield. 


Notes: 1. The butanol and sulfuric acid should be carefully mixed, and 
the mixture should not be overheated, as charring and decomposition will 
result. 

2. A small piece of broken glass should be placed in the flask to prevent 
bumping during the distillations. 

3. Some loss is encountered in the drying with potassium carbonate. 
This may be minimized by avoiding the use of too much drying agent. 

4. Some lowering of the yield is brought about by the formation of non- 
volatile, tarry material. 


Literature Cited 
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A NEW QUALITATIVE TEST FOR ALUMINUM* 


K. KERSHNER AND R. D. Durr 


MissourRI SCHOOL OF MINES AND METALLURGY, ROLLA, MISSOURI 


An ether solution of purpurin is used to detect aluminum by means of a 
stabilizing effect of the dye lake on the foam produced by agitation of an am- 
monium hydroxide-ether mixture. The test is performed on the solution 
obtained by pouring 6 N NH,OH over the mixed hydroxides on the filter. 
0.5 mg. of Al can be detected in the presence of 50 mg. of Cr, Fe, or other metals. 
In the presence of minute quantities of other elements, 0.001 mg. of Al can be 
detected without preliminary treatment. 


The use of organic dyes to detect minute quantities of metals in solution 
has grown rapidly during the past decade. The detection of some of these 
metals, such as aluminum and magnesium, is dependent upon the formation 
of a lake with the metal hydroxide. Several tests of this nature have been 
developed for aluminum. The ‘“‘aluminon’’ test (J) (ammonium salt of 
aurin tricarboxylic acid) and Atack’s test (2) (alizarin) are among the more 
successful of these tests. The authors believe that they have developed a 
test which compares favorably with those mentioned. 


Preparation of the Reagent 


Dissolve 0.40 g. of purpurin and 0.01 g. of gum sandarac in a liter of 
ether. Ordinary gum sandarac and commercial ether will suffice. Alcohol 
tends to lessen the sensitivity, but the amount present in commercial ether 
does not prevent detection of traces of aluminum. Gum sandarac is but 
slightly soluble in ether, and 0.01 g. is most conveniently added by first 
dissolving the gum in a cc. of alcohol. Purpurin is prepared (3) by oxidiz- 
ing alizarin with manganese dioxide and sulfuric acid. The reagent will 
keep well in a glass-stoppered bottle, and may be dispensed for class use 
from a stoppered buret attached to the wall of the laboratory. 


Procedure 


Add N ammonium hydroxide to 1 cc. of the solution to be tested until 
it is alkaline. Boil to coagulate the precipitate, and filter. Wash the 
drained precipitate three times with hot distilled water. Now pour 5 cc. 
of 6 N ammonium hydroxide over the precipitate and collect the filtrate in a 
clean test tube. Add 10 cc. of N ammonium chloride solution and 1 cc. of 
the dye reagent to the filtrate. Place a clean thumb or cover glass over the 
mouth of the test tube and vigorously shake the contents. A pink foam 
collecting above the solution and remaining for several minutes confirms 

* Presented at a meeting of the Columbia, Mo., section of the American Chemical 


Society, December 11, 1931. 
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the presence of aluminum. Avoid a second agitation as this tends to 
disrupt the layer of stabilized foam. 

For class use, where the aluminum hydroxide is isolated on the filter, one 
washing with distilled water will suffice. 

When traces of aluminum are to be detected, NV ammonium hydroxide is 
used in precipitation to avoid undue loss of aluminum. Six NV ammonium 
hydroxide is used for the wash because it is the usual concentration found in 
a set of qualitative reagents, and because it will easily dissolve sufficient 
aluminum hydroxide for the test, according to the following equation: 


Al(OH); + NHs,OH —» NH,AIO, + 2H2O 


Thé purpose of the ammonium chloride is to serve as a buffer and to 
return the ammonium aluminate to aluminum hydroxide to form a lake 
with the dye. Other ammonium salts serve equally well. Ammonium 
nitrate acts in some unknown manner to make a somewhat redder foam. 

Gum sandarac is used to aid in stabilizing the foam. More than the 
specified amount is to be avoided as it.tends to form a colorless foam even 
in the absence of aluminum. Other substances, such as sugar, glucose, 
starch, dextrin, gum tragacanth, gum copal, and gum dammar can be used 
as stabilizers. The gas evolved from the agitation of the ammonia-ether 
mixture produces a foam which rapidly disintegrates unless it is further 
stabilized by the aluminum-purpurin lake. The pink foam is composed of 
minute bubbles and frequently persists for a day or more. 


Comparison with Atack and Aluminon Tests 


Small quantities of various elements tend to interfere with the Atack 
test by forming lakes, particularly upon long standing. In the ‘“‘aluminon”’ 
test, iron and beryllium produce lakes which are difficult to distinguish 
from the aluminum lake. In the ether-purpurin test, certain other metals 
produce foams which have less stability and a darker color, but if the out- 
lined procedure is followed, no interference is encountered from any of the 
elements included in the usual scheme of qualitative analysis, nor from Be, 
La, Pr, Nd, or Ce. Silicic acid, borates, phosphates, fluorides (4), and 
other anions do not interfere even though present in the solution when the 
test is made. Phosphates interfere with the ‘‘aluminon’’ test. 

Atack’s test is sensitive to 1 part Al in 10,000,000 parts of water in the 
presence of minute quantities of Cr and Fe, though often an hour or more 
must elapse before the lake forms. The ‘‘aluminon’’ test is sensitive to 
10-* moles of aluminum, but detection becomes difficult as the limit is 
approached. The ether-purpurin reagent will detect 0.5 mg. of Al in the 
presence of 50 mg. of Cr or Fe or other metals when the outlined procedure 
is followed. It will give an extreme sensitivity of 0.001 mg. of Al when 
only minute quantities of other elements are present and precipitation and 
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washing are omitted. Cr and Fe-do not greatly interfere even when 
actually present during the test, as 0.1 mg. of Al can readily be detected 
with 3 mg. of Fe or 5 mg. of Cr. 

The ether-purpurin test has given satisfactory results as a qualitative 
reagent for class use over a period of two years and offers a considerable 
saving of time over other methods of testing for aluminum. 
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SELECTED BIBLIOGRAPHY ON ALUMINUM FROM THE JOURNAL OF 
CHEMICAL EDUCATION 


The following articles on the subject of aluminum have appeared in the JOURNAL OF 

CHEMICAL EDUCATION: 

1. Hosss, ‘‘Some Commercial Applications of Aluminum,” 7, 245-56 (Feb., 1930). 

2. Howmes, ‘‘The Story of Aluminum,” 7, 232-44 (Feb., 1932). [A note on a visit to 

the Hall House in the Contemporary News Section, 8, 181, 182 (Jan., 1931) fur- 

nishes some supplementary material. | 

HowarbD, ‘“‘Sapphires,’’ 8, 613-24 (Apr., 1931). 

MCAFEE, ‘‘The Manufacture of Commercial Anhydrous Aluminum Chloride,” 

7, 2376-82 (Oct., 1930). 

McArRDLE, “Aluminum Utility Exemplified in a Modern Research Laboratory,” 

9, 834-9 (May, 1932). [Supplementary material may be found in the following 

two references: ‘‘Aluminum Research Laboratories,’ 7, 1980 (Aug., 1980); ‘“‘New 

Research Laboratory of the Aluminum Company of America,’’ 7, 2197 (Sept., 

1930). | 

6. Porter, ‘‘Aluminum in the South,’’ 7, 2383-6 (Oct., 1930). 

WabE, ‘‘Man-Made Gems,”’ 8, 1015-26 (June, 1931). 

Other material on aluminum which may be of interest to teachers is: 

1. ‘‘Aluminum and Aviation’ (Journal references, slides, motion pictures, club pro- 
grams), 8, 1810 (Sept., 1931); ‘‘Demonstration on Thermite,” 8, 933 (May, 1931); 
A Poster, 8, 689 (Apr., 1931). 

A review of the book by EDwarDs, FRARY, AND JEFFRIES entitled, ‘‘The Aluminum Indus- 
try. Vol. I. Aluminum and Its Production. Vol. II. Aluminum Products and 
Their Fabrication,”’ appeared in 7, 1977-8 (Aug., 1930). 

The following references have been selected from the abstracts because they bear on the 
analytical aspects of aluminum: 

1. Bennett, ‘An Aid in the Deposition of Copper on Aluminum,’ 6, 2275 (Dec., 
1929). 

2. Frary, “The Electrolytic Refining of Aluminum,” 2, 710 (Aug., 1925). 

3. GEMMILL, BRACKETT, AND McCrosky, ‘“‘The Confirmatory Test for Aluminum,”’ 
6, 1823 (Oct., 1929). 

4. PANGANIBAN AND SOLIVEN, ‘‘A.Modified Confirmatory Test for Aluminum,” 5, 
1519 (Nov., 1928). 

5. SINGLETON, ‘Some Notes on the Determination of Aluminum. With Special 

Reference to the Use of Hydroxyquinoline as a Reagent,’ 6, 388 (Feb., 1929). 

SvENSON, ‘‘The Use of Aluminum for the Detection of Arsenic,” 6, 1823 (Cet., 1629). 

‘‘The Determination of Metals with 8-Hydroxyquinoline,” 8, 1200 (June, 1931). 
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THE PREPARATION OF RUBIDIUM 


STUART GRAVES, SYRACUSE UNIVERSITY, SYRACUSE, NEW YORK 


Rubidium is prepared by distillation from a mixture of rubidium chloride 
and calcium metal. It belongs to the potassium family and reacts readily with 
the oxygen and moisture in air. For this reason it must be prepared and 
collected in an evacuated apparatus. 


The writer was recently given a quantity of rubidium chloride to be 
converted into the metal for museum samples. The problem was to pre- 
pare several small glass tubes, each containing about a half-gram of ru- 
bidium. 

This metal belongs to the potassium family. It oxidizes readily and 
reacts with the moisture in air, hence it must be prepared in a sealed and 
evacuated apparatus. 
The method of preparation 
is to heat a mixture of 
rubidium chloride and cal- 
cium metal to 900 or 
1000°C. in an electric re- 
sistance furnace. The cal- 
cium replaces the ru- 
bidium, which distils over 
and is collected in a suita- 
ble reservoir. After the 
reaction is complete the 
metal, which melts at 
38°C., is run over into the 
—- tubes in which it is to be 

exhibited. 

The apparatus used is shown in the figure. It is constructed of Pyrex 
glass. A is a tube made of heavy sheet iron, containing theoretically 
equivalent quantities of rubidium chloride and calcium filings. Its purpose 
is to prevent the sides of the outer glass tube from collapsing in the furnace. 
After this tube is loaded and placed in position, the outer glass tube is 
sealed off at B and is placed in the furnace up to the top of the iron tube. 
A vacuum pump is connected to C and the furnace is turned on. A Bunsen 
flame applied at D will keep the metal in the liquid or gaseous state until it 
reaches the collecting reservoir (EZ). After the reaction is complete the 
tube is sealed off at F, so that the reservoir and its side tube may be easily 
tilted to one side. A Bunsen flame applied to the bottom of the reservoir 
will then melt the metal so that some of it can be poured over into the 
bottom of the side tube. It is possible to calculate to what depth this tube 

(Continued on page 12 6) 
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A SIMPLE PRESSURE REGULATOR FOR VACUUM 
DISTILLATIONS 





R. H. Muncu, UNIVERSITY OF NoRTH CAROLINA, CHAPEL HILL, NoRTH CAROLINA 


The pressure regulators used in vacuum distillations are usually quite 
complicated. The device to be described here is thought to be much more 
simple than the ordinary types, and at the same time fully as dependable. 

A distillation is started with the mercury in the manometer touching the 
contact C and the armature A closing the capillary leak L. Stopcock S is 
left open until the pressure in the apparatus is reduced to the desired value 
and then closed, thus cutting off a volume of air in the bulb B which acts as 
a pressure standard. Should the pressure in the apparatus become lower 
than that in B, the mercury in the manometer is forced down on the side 
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joined to B, thus breaking the connection between the contact C and the 
mercury, and stopping the current in the magnets M. This allows the 
armature A to uncover the end of the capillary leak which lets air into the 
apparatus. When the pressure in the apparatus becomes greater than that 
in the bulb, the mercury is forced up on the side connected to B until it 
touches the contact C again, thus completing the electrical circuit and let- 
ting the current flow through the magnets, which then pull the armature 
back against the capillary leak, thus closing it. This cycle is repeated sev- 
eral times each minute when the apparatus is correctly adjusted. 

The dimensions of the apparatus may vary. A convenient size for the 
bulb B is about 75 cc. The manometer can be made from 8-mm. tubing. 
The capillary leak should be a piece of 0.5-mm. capillary tubing with the 
end ground to a cone so that it will seat well in the soft rubber pad fastened 
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on to the armature with shellac. Relay magnets with a resistance of 60 
ohms allow the use of a single dry cell to operate them and keep the current 
through the manometer so low that fouling of the mercury surface is negli- 
gible. The spring which pulls the armature away from the capillary leak 
must be made strong enough to pull it against atmospheric pressure when 
the regulator is working at the lowest pressure to be used. It should be 
noted that the apparatus can be used with a vacuum pump which is not 
electrically operated, such as an aspirator. 





(Continued from page 1274) 


must be filled to give the required amount of the sample (in this case a half- 
gram). The tube is then sealed off at G and each of the successive sections 
filled and sealed off at the next constriction, in the same manner. 

If it is desired to obtain the metal in a purer form, several of the collecting 
tubes (E) may be connected in series, and the metal may then be distilled 
from one tube into the next and finally poured into the side tube after 
several redistillations. 

The side tube was weighed empty and filled, and it was found that about 
six grams of the metal had been obtained. This is about fifty per cent. of 
the theoretical yield from the eighteen grams of rubidium chloride used. 
A comparatively large amount of the metal seemed to wet the glass and 
stuck to the inside of the reservoir so that it could not be poured over into 
the side tube. This probably could have been prevented, and a larger 
yield obtained, if the inside of the apparatus had been more thoroughly 
cleaned at the start. Any metal remaining in the reservoir may be dis- 
solved out with hydrochloric acid and recovered as the chloride. 

Cesium, the fifth member of the potassium family, may be prepared 
from its chloride in the same manner as rubidium. 
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THE LECTURE-DEMONSTRATION AND INDIVIDUAL LABORA- 
TORY METHODS COMPARED. III. EXPERIMENTAL 


V. F. PAYNE, TRANSYLVANIA COLLEGE, LEXINGTON, KENTUCKY 


The work of six sections of general college chemistry introduced to the study 
by lecture demonstrations has been compared with the work of six sections intro- 
duced by the individual laboratory method. A total of 299 students in four 
colleges and taught by five instructors has been studied. Standard chemistry 
aptitude and training tests, the ordinary examinations and teaching grades 
have been used in comparing the work of the students. The effect of the dif- 
ference in the first semester's work on later work has been given some considera- 
tion. Student preference and opinion has received attention. The experi- 
mental work has been summarized; conclusions and corollaries are stated. 


The data used in comparing the relative merits of class demonstration 
and individual laboratory instruction in first-year college chemistry were 
furnished by twelve sections of college general chemistry students. The 
twelve sections were from six groups of two paired sections each. A total 
of 299 students in four colleges and taught by five instructors was in- 
volved. One section of each group was taught during the first part of the 
year, generally a semester, by class demonstration with no individual labo- 
ratory work during this introductory work, while the paired section was 
taught throughout the year’s work by the more commonly used individual 
laboratory method. After the introductory period by class demonstration, 
generally for one semester, this section of students joined the other section 
in study by the individual laboratory method. The students were paired 
on the basis of pre-tests, the Iowa Placement Examination, Chemistry 
Aptitude; a chemistry training test, Powers’ General Chemistry Examina- 
tion; and group intelligence tests. 

The attainment of the paired sections was measured on the ordinary items 
considered in grading chemistry students. Standard chemistry training 
tests, the Iowa Placement Examination, Chemistry Training, Powers’ 
General Chemistry Test, and Rich’s Chemistry Test were given at inter- 
vals. An attempt was made to devise tests for each group that could be 
scored as nearly objectively as seemed reasonable. The reliability of the 
various tests was determined by correlating the scores on the odd-numbered 
questions with scores on the even-numbered questions as earned by group 
5-6 students. The reliability of the whole test was calculated from that of 
the half test by using the Spearman-Brown formula. The mean reliability 
of twenty-four tests was determined by this method to be 0.74. As an 
indication of the validity of the tests we know that the coefficient of correla- 
tion of the sum of tests I-IX with the Iowa Placement Examination, Chem- 
istry Training, given at the end of the first semester, is 0.66. With the 
teacher’s grade, as recorded in the registrar's office, the correlation is 0.68. 
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In order to compare the groups with each other and with the norms 
developed by the authors of the test, Iowa Placement Examination, Chem- 
istry Aptitude, scores for all the sections are shown in Table I. The reader 
should bear in mind that, except for group 7-8, this was only one of two or 
three measures used in pairing the students. The authors’ norms for this 
test, based on 1140 cases, are: upper quartile score 74, median 60, lower 
quartile 44. In only two sections, those of group 11-12, are the mean 
scores on the Chemistry Aptitude test above this median; and in three 
sections those of group 5-6 and the laboratory section of group 1-2, the 
mean chemistry aptitude test scores are below the authors’ lower quartile 
score. These data on chemistry aptitude should be held in mind in con- 
sidering all that follows. 

TABLE I 
Mean Scores Made by the Twelve Sections on the Iowa Placement Examination, 
Chemistry Aptitude and Total Number of Students in Each Section 


Group 1-2 3-4 5-6 7-8 9-10 11-12 
Demonstration Section 45.1 46.2 42.4 49.5 51.6 65.0 
Laboratory Section 43.5 45.3 41.4 49.7 49.4 67.0 
No. Demonstration Section 27 17 19 23 17 22 
No. Laboratory Section 21 28 25 66 15 19 


In pairing the students greater weight has been given to the Iowa Place- 
ment Examination, Chemistry Aptitude, than to any other single measure. 
To all of the groups except group 7-8, Powers’ General Chemistry Test 
was also given. Group intelligence test scores were also available for part 
of the groups. Where scores were available from the three types of tests 
equal weight was given to each in pairing students. Where the intelligence 
test scores were not available double weight was given to the chemistry 
aptitude test scores. The chemistry training test scores from Powers’ 
test were less significant because such a small fraction of the students had 
received high-school or other training in chemistry. 

The weighting of the predictive tests was arbitrarily made. It did not 
seem expedient to wait until correlations could be made to determine the 
relative predictive value of the various tests for the groups involved. How- 
ever, subsequent correlations have justified in the main the weighting used. 
The mean of ten correlations of the Iowa Placement Examination, Chem- 
istry Aptitude, scores with attainment measures is 0.47; of two correlations 
of group intelligence test scores with attainment measures is 0.52; of six 
correlations of Powers’ General Chemistry Test scores with attainment 
measures is 0.35; and of eight correlations of the combined predictive 
measures, or ‘expectation ranks’’ with attainment measures is 0.53. 


Comparison by Groups, Percentile Ranks 


One of the bases of comparison of the attainment of the demonstration 
sections of the various groups with the attainment of the laboratory sec- 
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tions has been the percentile ranks of paired students earned on the various 
measures of attainment. 

To illustrate the pairing and the relationship of the derived percentile 
ranks to the raw scores, Table II shows the first mid-semester examination 
scores and the corresponding percentile ranks for the paired students of 
group 1-2. This is the only group made up of both men and women 
students in which an attempt was made in pairing to pair men only with 
men and women only with women. Consequently, in the tables that im- 
mediately follow, no account is taken of this division, but in a later section, 
comparing men and women, the division is utilized. The percentile ranks 
of the scores are obtained for the groups as a whole without regard to 
whether a score is made by a demonstration or a laboratory student. We 
are interested at this time in the combined percentile scores for men and 
women, lower half of the group, upper half of the group, and the whole 
group. 

TABLE II 


Illustrative Data: Conversion of Raw Scores into Percentile Ranks, First Mid-Semester 
Examination, Group 1-2 


Raw Score Percentile Rank Raw Score Percentile Rank 
Dem, Lab. Dem. Lab. Dem. Lab. Dem. Lab. 
Upper Half: Men Upper Half: Women 

91 75 57 21 100 100 95 95 
91 86 57 44 100 78 95 28 
91 95 57 80 100 95 95 80 
91 95 57 80 100 95 95 80 
95 97 80 88 100 97 95 88 
95 81 80 32 82 95 38 80 
71 81 16 32 82 94 38 69 
94 94 69 69 

Mean 57.7 53.9 Mean 77.5 73.6 

Lower Half: Men Lower Half: Women 

93 76 63 23 92 94 61 69 
93 76 63 23 95 60 80 3 
94 73 69 19 88 60 48 3 
62 80 6 29 70 70 12 12 
84 63 42 8 87 70 46 12 
72 63 18 8 89 77 52 26 
49 82 1 38 81 89 32 52 

88 82 48 38 Mean 47.3 25.3 

Mean 38.8 23.2 
Mean, All Men 47.6 37.5 Mean, Ali Women’ 63.4 51.1 


Mean, Upper Half 
Men and Women 68.3 64.4 
Mean, Lower Half 
Men and Women 42.7 24.2 
Mean, All Men and 

Women 50.¢ 
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The data of Table III are based on this pairing of students from group 1-2. 
In Table III the data for Test I, the first of the attainment measures, should 
be read, ‘““The mean percentile ranks earned by group 1-2 students are, in 
the upper half, demonstration, 53.8; laboratory, 48.7; in the lower half, 
demonstration, 45.9; laboratory, 50.8, and in the whole group, demonstra- 
tion, 50.0, laboratory, 49.8.”’ 

The combination of results for the first half-semester in the upper half 
of the sections is slightly favorable to the laboratory, in the lower half, to 
demonstration. For the second half-semester the combination of results 


TABLE III 


Mean Percentile Scores on Pre-Tests and Measures of Training of the Upper Half, 
Lower Half, and Whole of Demonstration and Laboratory Sections of Group 1-2 for 
the First Semester 


Upper Half Lower Half Whole Group 
Measure Dem. Lab. Dem. Lab. Dem. Lab. 
Pre-Test 
Ta. C. A. Exam. 74.9 65.8 29.7 29.5 62:3 47.7 
Powers Exam. 61.5 67.7 38.1 32.6 49.8 50.2 
Group I. T. Kp me 69.2 29.6 28.4 51.2 48.8 
Mean 69.6 67.6 32.4 30.2 i Se 48.9 
Achievement 
Test I 53.8 48.7 45.9 50.8 50.0 49.8 
II 48.2 60.2 49.3 42.3 48.7 51.6 
III 54.1 68.4 37.6 36.6 46.5 53.6 
IV 59.7 71.4 27.4 46.2 42.4 57.9 
Mid-Sem. Exam. 68.3 64.4 44.1 24.2 56:5 44.3 
Mid-Sem. Grade 67.3 62.7 40.6 29.2 54.0 46.0 
Test V 66.0 50.0 44.6 35:5 56.5 43.5 
VI 74.3 51.0 49.9 21.4 62.5 37.4 
VII 59.4 51.1 55.2 32.7 57.4 42.5 
VIII 60.7 49.5 55.6 32.7 58.3 41.7 
IX 54.1 54.8 51.5 35.2 53.0 46.8 
x 54.1 55.3 54.9 31.3 53.9 46.1 
ta. C:-T.- Exam. 69.2 55.5 44.0 22.2 58.6 41.4 
Part I 69.4 54.8 40.3 26.9 57.1 43.0 
II 71.8 47.8 48.9 24.0 62.1 37.7 
III 45.9 55.9 53.5 43.9 49.1 50.8 
IV 60.1 08.6 43.7 30.8 53.2 46.8 
Sem. Exam. 60.4 55.7 49.5 28.1 55.7 44.1 
Sem. Grade 65.6 50.6 57.1 20.7 61.9 38.0 
lst Half Sem. 
Summary 58.2 62.8 40.8 38.1 49.6 50.5 
2nd Half Sem. . 
Summary 62.5 63.1 49.4 29.5 56.9 43.1 
Summary by (Corrected) 12 re 16 3 14 5 
Measures* (Uncorrected) 13 6 17 2 15 4 


* Corrected and not corrected for difference in ability of the two sections. 
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is distinctly favorable to demonstration in the sections as a whole and in the 
upper halves of the sections, and much more markedly so in the lower halves 
of the sections. The combination of the pre-tests, chemistry aptitude and 
training, and intelligence, shown at the beginning of Table III indicates 
that the sections are quite similar throughout in ability to study chemistry. 

Actually the demonstration section is slightly better, as indicated by the 
mean, than the laboratory section, in the upper half by 2.0 percentiles, in 
the lower half and whole group by 2.2 percentiles. In such attainment 
measures as Part IV of the Iowa Placement Examination, Chemistry 
Training, in which the upper half of the demonstration section does not 
exceed the laboratory section as much as the pre-tests indicate should be 
the case, the data may be said to favor the laboratory section. If these 
slight differences in ability are taken into account the work of this semester 
may be summarized, in accordance with attainment measures as a whole, 
by saying that, in the upper half of the sections, the results for the indi- 
vidual measures favor demonstration twelve to seven, in the lower half six- 
teen to three, and in the whole group the measures favor demonstration 
fourteen to five. 

Table IV gives a general summary of percentile rank results for all 
groups. As is shown in this table the various groups do not show uniform 
results. When all the measures of all the groups are summarized by se- 
mesters no marked differences are seen in the upper halves of the groups, but 
in the lower halves and in the whole group the demonstration sections are 
favored during both semesters. The difference favoring the demonstration 
sections is more marked in the second semester than during the first se- 
mester. This same variation of results between the upper and lower halves 
of the groups exists if we summarize by groups instead of by separate 
measures within the groups. 


Comparison by Pairs 


One of the simplest methods of comparing the results of the two methods 
of instruction is that of counting the pairs of students furnishing data 
favorable either to the demonstration or the individual laboratory method. 
The same pairing that was used in the preceding tables has furnished the 
data of this section. 

From the data in Table II of the preceding section, by actual count, it 
may be seen that for group 1-2 on the midsemester examination, of the 
upper group men, three pairs furnished data favorable to the demonstration 
method and four pairs furnished data favorable to the individual laboratory 
method. In the other sub-divisions of this group the corresponding ratios 
of demonstration to laboratory are: lower-half men, six to two; upper-half 
women, four to two; lower-half women, four to two. Among the upper- 
half women there are two pairs and among the lower-half women one pair 
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TABLE IV 
General Summary of Percentile Rank Results for All Groups 
Upper Half Lower Half Whole Group 
Groups Dem. Lab. Dem. Lab. Dem. Lab. 
1-2 
lst Semester 12 7 16 3 14 5 
2nd Semester 8 3 10 1 10 1 
3-4 
lst Semester 12 6 13 5 16 2 
2nd Semester 1 11 7 5 2 10 
5-6 
1st Semester 8 13 7 12 9 
2nd Semester 3 10 12 1 10 3 
7-8 
lst Semester 13 5 15 3 16 2 
2nd Semester 6 2 3 5 4 4 
9-10 
ist Quarter 1 5 2 4 2 4 
2nd Quarter 6 1 5 2 5 2 
11-12 
lst Semester 7 10 7 10 7 10 
2nd Semester 0 2 2 0 1 1 
Summary by Measures 
Total 1st Semester 53 46 67 32 67 32 
Total 2nd Semester 24 29 39 14 32 21 
Both Semesters 77 75 106 46 99 53 
Per Cent. 
ist Semester 53.5 46.5 67.7 32.3 67.7 32.3 
2nd Semester 45.3 54.7 73.6 26.4 60.3 39.7 
Both Semesters 50.6 49.4 69.8 30.2 65.1 34.9 
Summary by Groups 
lst Semester 3 3 4 2 4 2 
2nd Semester 3 3 5 1 3 1 
Both Semesters 6 6 9 3 7 3 
Per Cent. 
lst Semester 50.0 50.0 66.7 33.3 66.7 33.3 
2nd Semester 50.0 50.0 83.3 16.7 75.0 25.0 
Both Semesters 50.0 50.0 75.0 25.0 70.0 30.0 


with no difference between the scores. Such pairs are not counted as 
favorable either to demonstration or individual laboratory. These data 
may be combined in various ways and in the tables that follow the follow- 
ing types of combinations are used: all upper-half students, seven favor- 
able to demonstration, six favorable to individual laboratory; lower-half, 
ten to four; and whole group, seventeen to ten. 

Table V gives the percentage of pairs of students in the upper half, lower 
half, and whole groups furnishing data favorable to demonstration or 
laboratory on the various term and semester non-standard examinations. 
The summary of this table shows that, in the upper half of these groups, 
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nine of these examinations furnish data favorable to demonstration to five 
favorable to laboratory. In the lower half of the group the corresponding 
ratio is thirteen to one, and in the groups as a whole, eleven to three. These 
non-standard examinations are probably more nearly valid than the stand- 
ard examinations, since they are designed particularly for the group to 
which they are given, and to cover the subject matter taught. 


TABLE V 


Percentage of Pairs Furnishing Data Favorable to Demonstration or Laboratory on 
Non-Standard Examinations in the Upper Half, Lower Half, and Whole Groups 


Upper Half Lower Half Whole Group 
Groups Dem, Lab. Dem. Lab. Dem. Lab. 

1-2 

Ist Mid-Sem. 53.9 46.1 71.4 28.6 63.0 37.0 

lst Sem. 73.3 26.7 .8 18.2 76.9 23.1 

2nd Sem. 70.0 30.0 75.0 25.0 72.7 27.3 
3-4 

lst Mid-Sem. 77.8 22:2 63.6 36.4 70.0 30.0 

lst Sem. 100.0 0.0 100.0. 0.0 100.0 0.0 

2nd Sem. 33.3 66.7 70.0 30.0 52.7 47.3 
5-6 

2nd Sem. 30.0 70.0 60.0 40.0 45.0 55.0 
7-8 

lst Month 37.5 62.5 78.6 21.4 56.7 43.3 

2nd Month 46.7 53.3 57.2 42.8 51.7 48.3 

3rd Month 69.2 30.8 53.9 46.1 61.5 38.5 

4th Month 72.7 27.3 77.8 22.2 75.0 25.0 

Ist Sem. 81.8 18.2 58.3 41.7 69.6 30.4 

2nd Sem. 40.0 60.0 55.5 44.5 47.3 52.7 
11-12 

lst Sem. 87:2 42.8 20.0 80.0 40.0 60.0 
Summary by Measures 9 5 13 1 11 3 


Table VI gives the percentage of the pairs furnishing data favorable to 
demonstration or laboratory on the various standard examinations. The 
ratios summarized are: in the upper half, six favorable to demonstration 
to eleven favorable to the individual laboratory method; in the lower half, 
ten for demonstration to seven for laboratory; and in the whole of the 
groups, ten to six. No attempt is made to account for the difference be- 
tween these results and those for the non-standard examinations. It has 
been pointed out, however, that the standard examinations do not cover 
the subject matter studied as closely and as exclusively as do the non- 
standard examinations. 

Table VII gives the percentage of the pairs furnishing data favorable to 
demonstration or laboratory on letter grades at the term and semester 
intervals indicated. It is interesting to note that all of the differences be- 
tween the sections of group 3-4 at the mid-semester and semester intervals 
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were favorable to the demonstration method. This condition was partly 
reversed at the end of the second semester, when eighty per cent. of the 
differences in the upper group favored the individual laboratory method. 
The data are summarized: ‘The demonstration method is favored through- 
out in the upper half, eleven to four; in the lower half, fourteen to two; 
in the whole of the groups, twelve to three. Grades in chemistry may be 
depended on more than in some subjects since it is possible to use more 
objective data in making the grade. 


TABLE VI 


Percentage of Pairs Furnishing Data Favorable to Demonstration or Laboratory on 
Standard Objective Examinations in the Upper Half, Lower Half, and Whole Groups 


Upper Half Lower Half Whole Group 
Groups Dem. Lab. Dem. La Dem. Lab. 
1-2 
Ia. C. T. Exam. 66.7 33.3 90.9 9.1 76.9 23.1 
Rich, 2nd Mid-Sem. 37:3 ri f 83.3 16.7 56.5 43.5 
Powers 84.6 15.4 66.7 33.3 77.3 22.7 
3-4 
Ia. C. T. Exam. 62.5 37.5 80.0 20.0 4a:2 27.8 
Rich, 2nd Mid-Sem. 40.0 60.0 33.3 66.7 36.9 63.1 
Powers 44.4 55.6 60.0 40.0 52.4 47.3 
5-6 
Rich, lst Mid-Sem. 40.0 60.0 45.4 54.6 42.8 57.2 
Ia. C. T. Exam. 36.4 63.6 33.3 66.7 35.4 64.7 
Columbia 36.4 63.6 22.2 77.8 30.0 70.0 
Rich, 2nd Mid-Sem. 14.3 85.7 60.0 40.0 41.2 58.8 
Powers 30.0 70.0 80.0 20.0 55.0 45.0 
7-8 
Ia. C. T. Exam. 46.2 53.8 70.0 30.0 56.5 43.5 
Powers 50.0 50.0 60.0 40.0 51.2 43.8 
9-10 
Rich, Ist Mid-Quar. 80.0 20.0 44.4 55.6 63.2 36.8 
Ia. C. T. Exam., 2nd 
Mid-Quar. 60.0 40.0 40.0 60.0 50.0 50.0 
11-12 
Rich, 1st Mid-Sem. 57:2 42.8 42.8 S52 50.0 50.0 
Ia. C. T. Exam. 42.8 57.2 50.0 50.0 45.4 54.6 
Columbia 44.4 


55.6 77.8 22.2 61.1 38.9 
1 


Summary by Measures 6 1 10 7 10 6 


Table VIII is a summary table showing the percentage of pairs, upper- 
half, lower-half, and whole groups furnishing data favorable to demonstra- 
tion or laboratory on all measures combined by simple addition. When 
summarized in this manner as much of the data favors one method as the 
other in the upper halves of the groups. However, in the lower half the 
demonstration method is favored by a ratio of thirteen to four and in the 
whole group by a ratio of twelve to five. 
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TABLE VII 


Percentage of Pairs Furnishing Data Favorable to Demonstration or Laboratory on the 
Term Grades, in the Upper Half, Lower Half, and Whole Groups 


Upper Half Lower Half Whole Group 
Groups Dem. Lab. Dem. Lab. Dem. Lab. 

1-2 

Ist Mid-Sem. 50.0 50.0 61.5 38.5 56.5 43.5 

Ist Sem. 80.0 20.0 100.0 0.0 88.9 tr. % 

2nd Sem. 85.7 14.3 58.3 41.7 68.5 31.6 
3-4 

Ist Mid-Sem. 100.0 0.0 100.0 0.0 100.0 0.0 

Ist Sem. 100.0 0.0 100.0 0.0 100.0 0.0 

2nd Sem. 20.0 80.0 57.2 42.8 41.7 58.3 
5-6 

Ist Mid-Sem. 60.4 40.0 66.7 33.3 65.0 35.0 

Ist Sem. 50.0 50.0 50.0 50.0 50.0 50.0 

2nd Sem. 16.7 83.3 83.3 16.7 50.0 50.0 
7-8 

Ist Month 54.6 45.4 85.7 14.3 72.0 28.0 

2nd Month 62.5 37.5 46.2 53.8 52.4 47.6 

3rd Month 71.4 28.6 60.0 40.0 66.7 33.3 

Ist Sem. 66.7 33.3 66.7 33.3 66.7 33.3 

2nd Sem. 50.0 50.0 50.0 50.0 50.0 50.0 
9-10 

Ist Quarter 42.8 57.2 66.7 33.3 56.2 43.8 

2nd Quarter 75.0 25.0 83.3 16.7 78.6 21.4 
11-12 

Ist Sem. 60.0 40.0 20.0 80.0 40.0 60.0 

2nd Sem. 0.0 100.0 66.7 33.3 36.4 63.6 
Summary by Measures 11 4 14 2 12 3 


Comparison of Groups in Relation to Predicted or Expectation Ranks of 
Individuals 


One of the first methods used by the writer for comparing the work of 
the demonstration sections with that of the laboratory sections was in- 
tended to include all of the students in each section. 

For example, forty-four group 5-6 students, twenty-five in the demon- 
stration section and nineteen in the laboratory section; and thirty-eight 
group 11-12 students, twenty-one in the demonstration section and seven- 
teen in the laboratory section, were ranked on the Iowa Placement Examina- 
tion, Chemistry Training, on Powers’ General Chemistry Examination and, 
in addition, when the data were available on a college classification or 
group intelligence test. The rank of one was given for the best score. The 
group 5-6 students were given the ranks one to forty-four; the group 11—12 
students the ranks one to thirty-eight. These ranks were combined into 
composite ranks referred to as ‘‘expectation ranks.’’ The earned ranks on 
the various attainment measures were compared with the corresponding 
expectation ranks. 
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TABLE VIII 


Percentage of Pairs Furnishing Data Favorable to Demonstration or Laboratory on All 
Measures Combined in the Upper Half, Lower Half, and Whole Groups 


Upper Half Lower Half Whole Group 
Groups Dem, Lab. Dem. Lab. Dem. Lab. 

1-2 

Ist Half, Ist Sem. 44.1 55.9 48.7 51.3 46.5 53.5 

2nd Half, Ist Sem. 65.4 34.6 78.0 22.0 4 i 1 28.9 

2nd Semester 66.7 33.3 65.9 34.1 66.3 33.7 
3-4 

lst Half, Ist Sem. 61.0 39.0 65.7 34.3 63.5 36.5 

2nd Half, lst Sem. 62.1 37.9 67.8 32.2 65.4 34.6 

2nd Semester 36.3 63.7 54.6 45.4 44.1 55.9 
5-6 

lst Half, Ist Sem. 50.0 50.0 58.3 41.7 54.5 45.5 

2nd Half, Ist Sem. §1-.3 48.7 55.4 44.6 53.2 46.8 

2nd Semester 37.6 62.4 70.3 29.7 54.2 45.8 
7-8 

lst Half, 1st Sem. 55.3 44.7 65.6 34.4 60.6 39.4 

2nd Half, Ist Sem. 59.0 41.0 60.0 40.0 59.5 40.5 

2nd Semester 47.5 §2.5 55.4 44.6 61.9 | 48.1 
9-10 

1st Quarter 49.1 50.9 45.5 54.5 47.3 52.7 

2nd Quarter 55.4 44.6 54.1 45.9 54.8 45.2 
11-12 

lst Half, lst Sem. 46.9 63.1 34.1 65.9 39.7 60.3 

2nd Half, ist Sem. 39.0 61.0 33.3 66.7 36.2 63.8 

2nd Semester 28.6 71.4 73.3 26.7 SE Ge 48.3 
Summary by Measures 8 8 13 4 12 5 


Table LX summarizes the work of the six groups as percentages of students 
who excelled their expectation ranks on first semester grades, second se- 
mester grades, the lowa Placement Examination, Chemistry Aptitude, given 
at the close of the first semester and Powers’ General Chemistry Test 
given at the close of the second semester. For each of the four measures, 


TABLE IX 
Summary: Percentage of Students Who Exceed Their Expectation Rank 
No. of Coa: Ist Sem. Powers’ 2nd Semester 
Students Exam. Grade Exam. Grade 
Group Dem. Lab. Dem. Lab. Dem. Lab. Dem. Lab. Dem. Lab. 
1-2 25 18 64 28 60 22 64 33 56 33 
3-4 13 27 50 33 62 33 31 37 38 48 
5-6 19 25 47 56 53 40 67 35 44 50 
7-8 16 46 56 48 69 . 42 60 49 60 46 
9-10 15 15: 57 47 40 53 56 57 64 47 
11-12 20 16 39 44 40 56 DSr 2 4ar 50 33 
Summary by Groups 4 2 4 2 4 2 4 2 


* Experimental Edition, Columbia Chemistry Test. 
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four of the six groups furnish data favorable to the individual laboratory 
method. Groups 1-2 and 7-8 are entirely favorable to the demonstration 
method. The other four groups furnish two measures favorable to the 
demonstration method and two measures favorable to the individual labo- 
ratory method, though the measures are not grouped by differences identi- 
cally for the four groups. 


The Work of Men and Women Compared 


As it was pointed out in the section using the percentile rank method of 
comparison, men were paired only with men and women with women in 
group 1-2. This pairing has made it possible to use the same data to 
compare men with men, women with women, and men with women. Since 
five of the grofips are made up of men and women while the sixth, group 
11-12, made up of men only, furnishes data most favorable to the individual 
laboratory method, the question may well be raised concerning the relative 
effectiveness of the demonstration and laboratory methods for men as com- 


pared with women. 
TABLE X 
Summary: Work of Men and Women of Group 1-2 by Percentile Ranks for Each 
Half-Semester 


Upper Half Lower Half Whole Group 
Groups Dem Lab. Dem, Lab. Dem. Lab. 
Men 
lst Mid-Semester 60.3 58.2 46.1 39.5 52.6 48.1 
2nd Half-Semester 66.8 57.4 54.4 26.5 61.0 40.8 
Ist Half 2nd Semester 56.8 57.1 64.4 50.6 60.3 54.1 
2nd Half 2nd Semester 67.3 51.0 55.2 30.3 61.8 41.4 
Women 
lst Mid-Semester 58.6 66.5 34.3 36.4 47.7 53.0 
2nd Half-Semester 58.1 52.9 43.6 32.8 §2:7 44.9 
Ist Half 2nd Semester 53.2 51.8 33.1 30.3 43.1 41.2 
2nd Half 2nd Semester 68.6 59.9 34.9 29.3 52.0 44.7 


Table X shows the summary of the work of the men and women of group 
1—2 for each half-semester for the year. In only four of twenty-four com- 
parisons do the laboratory section students exceed the record of the dem- 
onstration section students. These are the upper-half laboratory men 
for the first half of the second semester and the upper-half and lower-half 
and whole-group laboratory women for the first half of the first semester. 
In eleven of the twelve divisions of this table, there are indications that 
the women have used the laboratory method relatively better than the 
men. This is true in spite of the fact that the pre-tests indicate that the 
demonstration women have more ability to study chemistry than do the 
laboratory women. To illustrate the difference cited we note that for the 
second half of the first semester in the upper half of the group, therdemon- 
stration method is favored among the men by 9.4 percentiles, whilevthe 
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demonstration method is favored among the women only by 5.2 percen- 
tiles. 

Table XI shows the percentage of the measures of attainment favorable 
to the demonstration or individual laboratory method, for men and women, 
first and second semester, and upper half, lower half, and whole group. In 
every comparable division the data are less unfavorable to the individual 
laboratory method among the women than among the men. 


TABLE XI 


Summary by Pairing. Percentage of Measures Favorable to Demonstration or 
Laboratory. Men and Women of Group 1-2 


Upper Half Lower Half Whole Group 
Groups Dem. Lab. Dem. Lab. Dem. Lab. 
Men 
Ist Semester 75 25 87 11 83 11 
2nd Semester 92 8 100 0 100 0 
Women 
lst Semester 69 31 71 29 72 28 
2nd Semester 80 20 67 33 67 33 


Table XII summarizes the predictive tests and the attainment tests as 
mean sigma scores for the six groups of students. In estimating whether 
results are favorable to the individual laboratory method or to the demon- 
stration method, differences in the mean sigma scores of the predictive 
tests for the sections are taken into account. For example, the mean dif- 
ference on the attainment tests favoring the demonstration men of group 
1-2 is 0.69 sigma, but the predictive tests show that the demonstration 
men should have been 0.02 sigma better, hence these data are said to favor 
the demonstration method to the extent of 0.67 sigma. The mean sigma 
attainment results favor the group 1—2 laboratory women by 0.06 sigma. 
The predictive tests indicate, however, that these laboratory women should 
have been better by 0.12 sigma, hence the data are said to favor the demon- 
stration women by 0.06 sigma. Among the men, the data favor the demon- 
stration method in four groups and the individual laboratory method by 
0.01 sigma only in one group. Among the women, the data favor the 
demonstration method in four groups and the individual laboratory method 
in one group. Taking all the groups as a unit the demonstration method is 
favored by the data from the men by 0.41 sigma, women by 0.25 sigma, and 
both combined by 0.31 sigma. These data again indicate that the men 
have not used the laboratory relatively to as good an advantage as have 
the women. 

An idea of the statistical significance of the difference between the 
achievement of the demonstration and laboratory sections of the groups 
may be gained by a study of Table XIII. The method here used is ¢s- 








we 
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TABLE XII 
Mean Sigma Scores of Pre-Tests and Attainment Tests for Six Groups 
Men Women Both 
Group and Test Dem. Lab. Dem. Lab. Dem. Lab. 
1-2 
Pak. 0.06 0.04 —0.12 0.00 —0.05 0.06 
Des Ne 0.26 —0.438 O: 51 0.17 0.17 —0.17 
Difference* 0.67 0.06 0.45 
3-4 
PB —0.33 0.06 0.52 —0.02 0.04 —0.02 
A..F: 0.04 —0.47 0.63 0.02 0.28 —0.11 
Difference* 0.80 0.07 0.33 
5-6 
P. T. —0.28 0.24 0.51 0.00 —0.15 0.14 
yas —0.27 0.25 0.94 —0.41 0.00 0.00 
Difference* 0.00 0.00 0.84 0.29 
7-8 
PF. —0.07 0.41 —0.35 —0.40 —0.22 0.06 
A. T. 0.09 —0.04 0.389 —0.26 0.22 —0.06 
Difference * 0.61 0.60 0.56 
9-10 s 
Pie 0.05 —0.20 0.09 0.53 0.05 —0.05 
ALE, 0.22 —0.44 0.02 0.78 0.16 —0.16 
Difference* 0.41 0.32 0.22 
11-12 
Pee. —().10 0.18 —0.10 0.18 
3. ew —0.18 0.16 —0.13 0.16 
Difference* 0.01 0.01 
Mean Difference* 0.41 0.25 0.31 


* Difference between Sigma Scores on Attainment Tests of Demonstration and 
Laboratory Sections, allowing for difference in Sigma Scores on Pre-Tests. The differ- 
ence is recorded under the section which is favored. 


sentially the ‘‘critical ratio'’ method discussed by McGaughy (1). He 
defines the critical ratio as the ratio of a difference of averages to its prob- 
able error. A critical ratio of three is considered statistically significant. 

McGaughy used the so-called short formula for the probable error of a 
difference of averages. This formula adapted to the difference of the aver- 
ages of the demonstration and the laboratory section results would read: 





P. E. (Diff. of Av.’s of D & L) = 0.6745 V5 ase + pt 
Np Nu 





Walker (2), however, has pointed out that, in cases where a correlation 
exists between the variates, the longer formula is necessary. The longer 
formula adapted for use in this study reads: 





P. E. (Diff. of Av.’s of D& L) = 0.6745 \ Pig et. Sy eae 
z Ni Vv NobN1 


Np 
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TABLE XIII 


Critical Ratios between Demonstration and Laboratory Section First and SeconJ 
Semester Grades and Iowa Placement Examination, Chemistry Training Scores 
Critical Ratio 


Group Sigma Formula 
Number Measure Difference* Favoring Short Long 
1-2 lst Sem. Grade 0.79 Dem. 4.20 7.79 
19 Dem. 2nd Sem. Grade 0.53 Dem. 2.17 3.08 
18 Lab. Ig..C.: 7 Heam: 0.47 Dem. 2.23 3.31 
3-4 1st Sem. Grade 0.49 Dem. 1.47 2.01 
12 Dem. 2nd Sem. Grade 0.24 Lab. 1.00 1.94 
22 Lab. Ia. C. T. Exam. 0.29 Dem. 1.39 2°82 
5-6 lst Sem. Grade 0.16 Dem. 0.68 1.30 
17 Dem. 2nd Sem. Grade 0.51 Dem. 2.03 3.42 
18 Lab. Ia. C. T. Exam. 0.17 Lab. 0.76 1.44 
7-8 lst Sem. Grade 0.45 Dem. 1.74 2.85 
14 Dem. 2nd Sem. Grade 0.40 Dem. 1.78 2.86 
33 Lab. Ia. C. T. Exam. 0.31 Dem. 1.32 2:21 
9-10 Ist Quar. Grade 0.10 Dem. 0.64 1.23 
15 Dem. 2nd Quar. Grade 0.43 Dem. 1.89 3.08 
15 Lab. Ia. C. T. Exam. 0.13 Dem. 0.46 0.65 
11-12 lst Sem. Grade 0.32 Lab. 1.22 2.33 
19 Dem. 2nd Sem. Grade 0.10 Dem. 0.32 0.57 
14 Lab. Ia. C. T. Exam. 0.05 Dem. 0.24 0.47 


* The difference here shown takes into account the difference in aptitude of the 
sections compared, as measured by the pre-tests. 


Since the writer desired to calculate the critical ratios for typical data 
from the equated sections of the six groups, in which the individuals were 
not paired, coefficients of correlation could not be obtained in the usual 
manner. The suggestion of Walker, that the coefficient of reliability of 
the tests used be substituted for “‘r’’ has been followed. As pointed out 
earlier, the mean coefficient of reliability of twenty-three typical tests used 
is 0.735. 

Three summary measures were made the basis of the calculation of the 
critical ratios, first-semester grades, the Iowa Placement Examination, 
Chemistry Training, given at the close of the first semester, and the second- 
semester grades. The actual difference between the averages obtained by 
the demonstration and laboratory sections is corrected according to the 
difference in the predictive test means of the sections. For example, the 
predictive test mean for group 1-2 indicates that the laboratory section 
should be better by a difference of 0.11 sigma. Actually the demonstra- 
tion section attained better records on the three measures and the actual 
differences are increased by the value corresponding to 0.11 sigma. On the 
other hand, the predictive test mean indicates that the demonstraticn 
section of group 3-4 is superior to the extent of 0.06 sigma. Such differ- 
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ences in indicated ability for all groups are combined with actual attain- 
ment differences to give the values of Table XIII. 

By use of the short formula only one critical ratio greater than three is 
obtained. This is a critical ratio of 4.20 between the first semester grades 
of the demonstration and laboratory sections of group 1-2 and is favorable 
to the demonstration section. By the longer formula five critical ratios 
above three and two more only slightly less are obtained, all favorable to 
the work of the demonstration sections. Only three of the eighteen meas- 
ures favor the work of the laboratory sections. The largest critical ratio 
favorable to any laboratory section is 2.33 resulting from the first semester 
grades of the group 11-12 students. It will be recalled that this group was 
distinctly the most capable as measured by the Iowa Placement Examina- 
tion, Chemistry Aptitude. 

From groups 1-2, 3-4, and 5-6 eleven demonstration-section students 
have made twenty-three, and twenty-one laboratory-section students 
have made sixty-eight upper-class semester grades in chemistry, all under 
one instructor. The mean grade for the demonstration sections is —0.14 
sigma, and for the laboratory sections is 0.05 sigma. This indicates that 
the work of the demonstration section students is inferior, but in comparison 
with their lowa Placement Examination, Chemistry Aptitude, scores indi- 
cates that their work is relatively superior. The aptitude score for the 
demonstration section is —0.37 sigma, and for the laboratory section is 
0.17 sigma. This means that the sigma index for the demonstration stu- 
dents has improved 0.23 while that of the laboratory students has shown 
a loss of 0.12. 

Student Preference and Opinion 

If we are to adopt a student-centered philosophy of education, we may 
well consider the opinions and preferences of the students. Table XIV 
shows the preference of men and women students from groups 1-2, 3-4, 
and 5-6 for laboratory or demonstration as a method for beginning the 
course in general chemistry. These opinions were expressed at the middle 
of the second semester after the demonstration section had worked for one 
half-semester by the individual laboratory method. Of all the students 
beginning the course by the individual laboratory method, 68.6 per cent 
would prefer that method if they were beginning the course again. The 
choice of 77.1 per cent. of all the students beginning the course by the lec- 
ture demonstration is that same method. The choice of the men who be- 
gan by the individual laboratory method for that method is more pro- 
nounced than is that of the men who began by the demonstration method 
for that method. On the other hand, the choice of the women who began 
by the individual laboratory method for that method is not as pronounced 
as is the choice of those who began by the demonstration method for that 


method. 
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TABLE XIV 


The Preference of Men and Women Students from Groups 1-2, 3-4, 5-6 for Laboratory 
or Demonstration Work 


Men from Lab. Who Prefer 
Lab. 


Men from Dem. Who Prefer 
Dem. 


Groups Dem. Lab. 
1-2 11 2 5 8 
3-4 3 2 2 5 
5-6 10 4 2 7 
Combined 24 8 9 20 
Percentage 75.0 25.0 31.0 69.0 
Women from Lab. Who Prefer Women from Dem. Who Prefer 
Groups Lab. Dem. Lab. Dem. 
1-2 8 2 0 3 
3-4 12 6 0 6 
5-6 4 6 2 8 
Combined 24 14 2 17 
Percentage 63.2 36.8 10.5 89.5 
Men and Women 48 22 11 37 
Percentage 68.6 31.4 22.9 Cig ae 


Table XV shows the reasons expressed by these same students of groups 
1-2, 3-4, and 5-6 for their choice of a beginning method of instruction. 
Only a slightly larger percentage of those choosing the demonstration 
method list as a reason their belief that they learn more. Distinctly larger 
percentages of reasons for choice of the laboratory method are that the 
method is more interesting and that the individuals remember better. 
On the other hand, the fact that they understand better by the method is 
distinctly the reason advanced for the choice of the demonstration method. 
No marked differences are noted in the reasons expressed by men and 
women. 


TABLE XV 
Reasons Expressed by Students of Groups 1-2, 3-4, and 5-6 for Choice of Method of 
Instruction 
Understand Remember 
Learn More More Interesting Better Better 
Students and Per- Per- Per- Per 
Preference Number centage Number centage Number centage Number centage 
All Dem. 21 41.2 Zc Abe 23 «445.1 0 0.0 
Women Lab. 13 33.3 12 30.8 6 15.4 8 20.5 
All Dem. 18 38.3 6.> 32.7 21. 44.7 2 4.3 
Men Lab. 18 35.3 17 33.3 ME 12 et 10 19.6 
Men and Dem. 39 8639.8 13 «13.3 44 44.9 2 2.0 
Women Lab. 31 34.5 29 32.2 12 13.3 18 20.0 


Table XVI is adapted from a larger study (3) and indicates the choice of 
New York City high-school science pupils for various methods by which 
they ‘‘gained greatest understanding of science’ and ‘‘gained the greatest 
enjoyment.” Demonstration-discussion is the first choice, assigned text is 
second, and individual laboratory is third and closely followed by problems 
as methods by which these pupils believe they gained greatest under- 
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standing of science. Individual laboratory is distinctly first choice and 
demonstration-discussion is second choice as methods by which these 
pupils feel they have gained the greatest enjoyment. These pupils rank 
the demonstration-discussion method and the individual laboratory method 
for these purposes in the same order as the students of groups 1-2, 34, and 
5-6, shown in Table XV. Osborn (4) and Crosby (5) have assembled stu- 
dent opinion indicating a partial dislike of laboratory work and a belief 
that more is learned by teacher demonstration. 


TABLE XVI 
Opinion of New York City High-School Pupils in the Sciences Regarding Value of 
Methods 
Gained Greatest Understanding Gained the Greatest 
of Science from Enjoyment from 
Method No. Percentage No. Percentage 
Demonstration- Discussion 6,283 33.0 3,582 26.2 
Individual Laboratory 3,195 16.8 6,052 44.4 
Assigned Text 4,304 22.6 774 Py 
Problems 3,022 15.9 2,066 15.2 
Combination 2,236 1) eer 1,160 8.5 
Total 19,040 100.0 13,634 100.0 
Résumé 


1. Stated aims of the first course in chemistry do not, a priori, necessi- 
tate the use of any particular method for their realization. 

2. Studies recorded in the literature comparing the lecture-demonstra- 
tion and individual laboratory work are in the main not statistically signifi- 
cant but seem to be favorable to lecture-demonstration. 

3. Statements of opinion indicate a condition of dissatisfaction with 
present practice warranting careful and critical study. 

4, The present diverse practices in regard to the distribution of time 
between classroom and laboratory, and the required hours in the laboratory 
per credit indicate a lack of any uniform philosophy regarding these matters. 

5. The study here reported, involving twelve sections of first-year 
college chemistry students, has not produced uniformly significant results. 

6. It seems reasonable to conclude, on the basis of several methods of 
comparison and on the number of students used, and the number of colleges 
and instructors involved, that these students made better progress, as that 
progress is commonly measured, when introduced to the study of college 
chemistry by the lecture-demonstration method. 

7. On the same basis it seems reasonable to conclude that the students 
of lesser ability profited relatively more by the introduction through lec- 
ture-demonstration than did the students of greater ability. 

8. On the same basis there is some reason to believe that the women 
students have made relatively better use of the individual laboratory work 
than have the men students. 
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9. There are indications that the later work by the individual labora- 
tory method is strengthened by the lecture-demonstration introduction to 
the course. 

Conclusion 


From a study of the literature and his own experimental work the writer 
concludes that the better students will succeed as well, and those students 
of lesser ability will probably succeed better (as success is ordinarily meas- 
ured) in their entire first year’s work in college chemistry, if they have a 
period of introduction, approximately one half-year, through teacher-demon- 
stration with the exclusion for that period of individual laboratory work. 


Corollaries 


1. The institution with limited funds or limited laboratory space may 
well consider placing greater emphasis on the lecture-demonstration method. 

2. If an institution is unable to provide a teaching force adequate to 
supervise individual laboratory work closely in the beginning of the chem- 
istry course, it may be well to have an extended period, possibly one se- 
mester, of introduction by the lecture-demonstration method. 

3. The lecture-demonstration method of introducing students to the 
study of chemistry may most appropriately be considered for the sections 


of students of known low aptitude for the study. 
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FALL MEETING OF THE A. C. S., DENVER, COLORADO 
August 22-25, 1932 


Shortly after the preliminary announcement was printed in the June 
issue of the J. CHem. Epuc. (p. 1116), the date of the 84th Convention of 
the A. C. S. was moved forward one week to August 22-25. 

While the essential features of the programs have not been changed, 
prospective authors of papers please note that manuscripts and abstracts 
must be in the hands of the Secretary of the Division by July 23 instead of 
by August 1 as was originally announced. (For rules governing papers, 
consult TH1s JOURNAL, Volume 9, page 1116, June, 1932. A reprint will 
be mailed upon request.) 


Monpbay, AuGusT 22 


Morning: Council meeting. 
Afternoon: General program of papers. 
Editor’s meeting and dinner. 


» 


TuEsDAy, AUGUST 23 


Morning: Divis onal program. 
Afternoon and Evening: Drive through the mountains with dinner and 
entertainment in Golden. 


WEDNESDAY, AUGUST 24 


Morning: Divisional program. 
Noon: Luncheon for members and friends of the Division. 
Afternoon: Meeting of the Senate and annual business meeting of the 


Division. 
Evening: Public meeting. President’s Address, A. C. S. Award, and 
Priestley Medal Presentation. 


TuHuRSDAY, AUGUST 25 


Allday: ‘Trip to Boulder, South St. Vrain, Estes Park, and Big Thomp- 
son Canyon, including a visit to the chemistry building 
of the University of Colorado, inspection of the Great 
Western Sugar Co.’s plant for the recovery of sugar from 
molasses by the Barium Process, and lunch at Estes Park. 
(Complimentary for members of Division and _ their 
families. Reservations must be made at time of regis- 
tration.) 


Fripay, AUGUST 26 
All day: Complimentary trip through the mining district around 
Idaho Springs, and through Argo tunnel. Dinner at 
Central City. 


Address the Local Secretary for information concerning special ac- 
commodations at reduced rates, tourist camps, etc. 


CLIFFORD F. L. Mour, R. A. BAKER, Secretary, 
Local Secretary, Division of Chemical Education, 
West High School, Denver, Colo. 17 Lexington Ave., New York, 
N. Y. 
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Correspondence 





PARACELSUS AND THE DISCOVERY OF HYDROGEN 


DEAR Dr. GORDON: 

Since reading Dr. Leonard Dobbin’s letter in the Correspondence Sec- 
tion of the June, 1932, JouRNAL OF CHEMICAL EpucarTION (pp. 1122-4), 
in which he criticizes my quotation from Paracelsus,! I have examined 
the Latin edition of Paracelsus’ ‘Opera Omnia’’ which was edited by 
Bitiskius and published in Geneva in 1658. Although the statement 
that Paracelsus treated iron with sulfuric acid and noticed that “‘air rises 
and breaks forth like a wind” appears repeatedly in the later literature of 
chemistry, this Geneva folio contains no mention of iron or of sulfuric 
acid in this connection.?, Waite’s English translation is based on this 
Geneva edition. I am sorry to have repeated this error, and wish to 
thank Dr. Dobbin for correcting it. 

Yours sincerely, 


THE UNIVERSITY OF KANSAS Mary ELvirA WEEKS 


LAWRENCE, KANSAS 


MICROSCOPY OF THE COTTON CELLULOSE FIBER. 
CORRECTION 
DEAR EDITOR: 

Dr. Robert H. Pickard, of the British Cotton Industry Research Asso- 
ciation, has called attention to an error in our paper entitled ‘‘Micros- 
copy of the Cotton Cellulose Fiber” [J. Cuem. Epuc., 9, 114-21 (Jan., 
1932)]. In this paper we state, ‘‘In this connection the British Cotton 
Spinners Association established a research group. To them, particu- 
larly W. L. Balls and H. J. Denham and their co-workers, etc. .. .” 
(paragraph 2, p. 114). 

Dr. W. L. Balls for many years directed the research department of the 
Fine Cotton Spinners and Doublers Association. Dr. H. J. Denham and 
the other workers whose papers from J. Textile Inst. are quoted (pp. 
120-1) made their investigations in the laboratories of the British Cotton 
Industry Research Association. 

Yours very truly, 


EASTMAN Kopak Co. H. LeB. GRay 


ROcHESTER, N. Y. 


1 J. Cuem. Epuc., 9, 215 (Feb., 1932). 

2 PARACELSUS, “Opera Omnia,” Vol. 2, Geneva, 1658, p. 7. (Liber secundus Archi- 
doxis); WaitE, ‘“‘The Hermetic and Alchemical Writings of Paracelsus,’ Vol. 2, James 
Elliott and Co., London, 1894, p. 13. 
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IN DEFENSE OF TITRES 


A survey of the textbooks of quantitative analysis in common use will 
reveal the fact that the titre system of computation is little used in this 
country. Many of the books do not even mention the word, a few of 
them give a brief summary of the system, but only one that the writer 
knows of! places any special emphasis on the method. This is not as it 
should be, however, for those chemists who have been taught the normality 
system of computation and have later become familiar with the titre system 
are often inclined to discard the older method. There are certain funda- 
mental reasons why this should be true and it is the purpose of this paper 
to demonstrate those reasons. 

Titre is defined as the number of grams of a substance equivalent to one 
cubic centimeter of a reagent. It represents therefore the simplest pos- 
sible way of designating the concentration of a standardized solution. 
Suppose for instance: A 1.1000 g. sample of Na,CO; is used for the stand- 
ardization of an HCI solution and, after making corrections for the neces- 
sary excess, it is found that 31.65 cc. of that solution was just sufficient to 
neutralize the sample. It is then said that the sodium carbonate titre of 
the hydrochloric acid is 1.1000/31.65 or 0.03474 g. per cc. This may be 
written, NagCO3; 7 HCl = 0.03474.? 

Suppose further that the hydrochloric acid is used to analyze the same 
weight of an unknown soda ash and that the volume required in the 
titration is 26.51 cc. The percentage of NazCO; is then simply (26.51/ 
31.65) 100 = 83.76%. 

If different sample weights are used the computation is quite as simple. 
Suppose the sample weight of the unknown to be 1.2000. The formula 
then becomes: (NasCO; T HCl) (V/S) = % NaeCOs or 0.3474 (26.51/ 
1.2000) 100 = 76.76%. This may be reasoned out as follows: the titre 
is the weight of NagCO; equivalent to 1 cc. of the acid. The product of 
that number times the total volume of reagent used will give the total 
weight of NasCO; in the unknown sample. This latter weight divided by 
the sample weight and multiplied by 100 will give the percentage of NazCOs. 

When this explanation is used it is much easier to make the elementary 
student understand the relation between standardization and analysis. 
He can master this one relationship without at the same time having to 
learn the use of equivalent weights and normalities. That will seem like a 
trifling point to some, but any one who has taught analytical chemistry will 
testify that many students do not find it easy to learn the use of equivalents. 

To apply the titre system of computation to the more general case of 


1 PoporF, “Quantitative Analysis,” P. Blakiston’s Son and Co., Philadelphia, 1927, 


pp. 226-47. 
2 J. Cuem. Epuc., 8, 1396 (July, 1931). 
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volumetric analysis in which a reagent is standardized against one sub- 
stance and then used to analyze for another it is necessary to make use of 
chemical factors. This point is one that is also too often neglected. 

One book in common use states that if duplicate problems are to be 
worked out a chemical factor is always used since it saves duplication of 
arithmetical work, but that no particular advantage is found in using 
the chemical factor in single problems. This is hardly the correct view of 
the matter. 

Every ordinary problem in chemical proportion is rearranged (solved 
algebraically for x) before doing the final arithmetical work. The student 
who has a knowledge of chemical factors will set the problem down in this 
order and not have to rearrange it. He therefore saves a step in every 
problem he solves. Furthermore, tables of chemical factors are so com- 
mon that he will usually be able to find the value of the factor directly in- 
stead of having to look up two molecular weights, thereby saving another 
step. To ask students to work all their problems by the old proportion 
method is a lesser crime of the same nature as asking them to calculate all 
the molecular weights they use instead of looking them up. 

The weight of any pure substance multiplied by a chemical factor will 
give the weight of another pure substance equivalent to it. Therefore 
after a titre of a reagent has been found by standardizing it against any 
convenient standard the titre (concentration) of that reagent may be ex- 
pressed in terms of any substance to be sought in an analysis, using that re- 
agent. Suppose for instance the Na,CO; 7° HCl has been found and it is 
expected to use that reagent to find the per cent. NH; in a sample of 
NH,OH. 

Two simple equations: 

NH; +- HC! = NH,Cl, and 

Na,CO; + 2HCI = 2NaCl + 2H,0, will show that two molecular weights 
of NH; are equivalent to one molecular weight of NazCO;. (The student 
will soon learn to visualize such facts without the equations.) Using this 
information we can now see that: NH; 7 HCl =-Na,CO; 7 HCl times 
(2NH;/NaeCOs;), and we have found the weight of NH; that will be indi- 
cated every time a cubic centimeter of the HCl is used in titrating the un- 
known. Once the titre is expressed in terms of the substance sought the 
rest of the computation is directly analogous to the one explained for 
percentage of NagCO; in asodaash. In other words: (NH; 7 HCl) (V/S) 
100 = % NHs, or, employing the original titre: (NaxCO; 7 HCl) (2NH;/- 
NazCOs) (V/S) 100 = % NH, or, employing the data as it is recorded in 

the laboratory: (S;/V1) (2NH3/NazCOs) (V2/Se) 100 = % NHs3. (Vi and 
Si apply to the standardization and V2 and S: apply to the analysis.) 

Experience has shown the writer that students find this system of com- 
putation much simpler than the older method for: 
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1. The simpler cases show the student that percentage as determined in 
a chemical analysis does not differ from the percentage he has been accus- 
tomed to work with since grammar-school days. 

2. The use of chemical factors makes the computations for volumetric 
analysis directly analogous to those for gravimetric analysis. 

3. They are not burdened with the necessity of learning the additional 
concept of equivalent weights and normality, for this has been shown to be 
totally unnecessary. 

W. P. CorTELYOU 


New York STaTE COLLEGE OF CERAMICS 
ALFRED UNIVERSITY, ALFRED, N. Y. 


BALANCING CHEMICAL EQUATIONS 


Dear Dr. KENDALL:* 

Protracted convalescence after a rather sharp attack of “flu” has given 
me the opportunity of reading more closely than might otherwise have 
been possible the February issue of the JOURNAL OF CHEMICAL EDUCATION. 

May I first of all take this opportunity of thanking you on behalf of 
myself and my colleagues of the chemistry department of Geo. Heriot’s 
School for recommending the addition of the JOURNAL to school magazine 
lists. We adopted your suggestion and have had many pleasant and 
profitable hours in consequence. 

I had not noticed Mr. Endslow’s letter to the editor in the December 
issue, re ‘Balancing Chemical Equations,’ but reading the February 
number closely I came on the replies, including your own. 

It may be of interest to you to know that in Geo. Heriot’s School—at 
least since the early days of the War—I have generally spent one lesson 
teaching to my Leaving Certificate Class this ‘‘Algebraical Method” 
of balancing. The objects in view have been mainly: 

1. To satisfy the more ‘mathematically minded’’ pupils that it is 
generally possible to find the coefficients without resorting to what other- 
wise might seem to them a species of “juggling.” 

2. To point out that whereas the writing of a balanced equation may 
suggest a possible chemical reaction, this is a reversal of the proper order 
that a chemical equation should express quantitatively a change which has 
actually taken place. 

3. To warn them that in many cases a textbook equation is only one of 
an infinite number which also seem possible. 


* This letter was addressed to Dr. James Kendall, The University, Edinburgh, 
Scotland, and forwarded by him to the editorial office. 
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The topic generally arises during our study of the halogens where the 
textbook gives: 
(a) 2KCIO; = KCIO, + KCI + O, 


(b) 3KCIO; + 2H.SO, = KCIO, + 2KHSO, + H20 + 2CI0, 
(c) 4KCIO; + 12HCl = 4KCI + 6H20 + 3CI0O; + 9Cl 


From the point of view of “‘balancing’’ there is no possible substitute for 
(b), but instead of (a), since the method gives two independent equations 
for finding four unknowns 


4KCIO; = KCIO, + 38KCI + 40k, (ete.) 
seem equally possible, and similarly instead of (c) we may write 


KCIO; + 2HCIl = KCl + H20 + ClO, + Cl 
or 

2KCIO; + 8HCIl = 2KCI + 4H,0 + ClO, + 7Cl 
and so on. 

I don’t know where I first came across the method—certainly not in 
‘“‘Walker’’—but I have a clear recollection of reading—more than twenty 
years ago—an application of the method to the practical problem of the 
complete combustion of gunpowder. Through the kindness of a friend I 
have the book in front of me now. It is entitled: ‘The Principles of 
Mathematical Chemistry,” by Dr. Georg Helm, Prof. in the Royal Tech- 
nical High School, Dresden, August, 1894, Translated by J. Livingston R. 
Morgan, Ph.D. (Leipzig), Instructor in the Brooklyn Polytechnic Institute 
(New York: John Wiley & Sons: London, Chapman & Hall, Ltd., Ist 
edition, 1897). It is asmall book of about 200 pages. In the last chapter, 
“Chemical reactions that depend upon several parameters,’’ I find this 
statement: ‘‘... It will be best illustrated by the example to which this 
method was first applied. Debus (Ann. Chem., 1882-91, Nos. 212-65) 
treated the reaction of gunpowder as a chemical reaction, which depends 
upon several variables, and Nickel (Z. phys. Chem., 1892ff.) treated other 
chemical technical processes from the same standpoint. 

“Potassium nitrate, charcoal, and sulfur form by explosion potassium 
carbonate and sulfate and persulfide, carbonic acid gas, carbon monoxide, 
and nitrogen according to the reaction: 


x KNO; + yC +2S = #K.CO; + u K2SO, + v K282 + w CO, + a CO fh 1/.* Ne 


“We choose with Debus x = 16, and ask how the other substances are 
to be chosen so that the reaction may be complete...... 
By making use of the principles of solid analytical geometry—‘“we can 
now give by aid of the figure the amounts of substances necessary for a com- 
plete reaction . . . and Debus has proved that all the new powders belong to 
this plane, while the older mixtures are represented by points outside of it.”’ 


” 
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I trust I have not bored you too much, but if you don’t know the book 
and would care to look at it I should be very pleased to send it on to you. 
It is one of the ‘‘first thousand” copies—I don’t know whether there ever 
was a second thousand. 


DEAR Dr. GORDON: 

May I add that since writing Dr. Kendall I have found on my own book 
shelves a small book on pages 8 and 9 of which may be found an example 
of the method, discussed above, fully worked out, with five problems in- 
cluded for practice. The book is ‘Physical Chemistry for Beginners,”’ 
a translation into English (by the late Dr. R. A. Lehfeldt of the East Lon- 
don Technica! School) of a German translation from the Dutch of Dr. Ch. M. 
Van Deventer, with preface by Van’t Hoff—author’s preface to the German 
edition dated from Amsterdam, 1897. The English publishers—Messrs. 
Edward Arnold & Co., 41 & 43 Maddox St., London, W1—tell me that 
they first published the book in November, 1898. 

Yours faithfully, 
Joun H. MELVILLE 


Gro. HERIOT’S SCHOOL 
EDINBURGH, SCOTLAND 
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Abstracts 


APPARATUS, DEMONSTRATIONS, AND LABORATORY PRACTICE 


Making a chemical harmonica. R. B. Wares. Pop. Sci. Mo., 120, 68 (May, 
1932).—A jet of hydrogen, burning within a glass or metal tube one-half inch in diameter, 
will produce a musical note, often becoming quite loud. The preparation of hydrogen 
using aluminum or zine with alkali, zinc or iron with acids, and the electrolytic method 
is described. i. 2. Be 

A simple quantitative method of determining ozone in ozonized air. P. KRaIs AND 
H. MeRKERT. Z. angew. Chem., 45, 226-7 (Mar. 12, 1932).—A pparatus required: 2 Er- 
lenmeyer flasks (2 1. and 500 cc.) which can be joined together by means of their glass- 
ground necks; an inlet and outlet tube, provided with glass-ground joints to fit the 
large Erlenmeyer flasks; an apparatus for producing a constant current of air (pres- 
sure pump, gasometer, etc.); an ozonizing apparatus, provided with an inlet and out- 
let tube, and which must be air-tight. Connections are made by means of cork stoppers 
as rubber tubing becomes pervious quickly. Reagents required: 0.1% KI solution; 
1% solution of soluble starch, 0.01 N NaS.0;. Directions: A definite, constant current 
of air is passed first through the ozonizer and then through the dry 2-liter Erlenmeyer 
flask. The length of time necessary depends on the velocity of the air current. It 
was found for instance that at a velocity of 3 liters per minute the ozone concentration 
in the Erlenmeyer flask was equal to the ozone concentration in the air current after 
ten minutes. 40 cc. (the quantity depends on the ozone contents) of the 0.1% KI 
solution and 5 cc. of the 1% starch solution are poured into the small Erlenmeyer flask. 
100 cc. of distilled water should be carefully poured on top without stirring. The 
inlet and outlet tubes are disconnected from the large Erlenmeyer flasks and the two 
flasks are joined together quickly. The water and the reagent rush from the smaller 
into the larger flask. On shaking for about five minutes the ozone reacts with the 
KI and the starch turns blue. The end of the reaction is recognizable by the disap- 
pearance of the odor of ozone. The resulting solution is acidified in the large flask 
and the iodine is titrated. Calculations: (1)—The velocity of the current of air must 
be known. (2)—1 1. of 0.01 N NapS,O; is equivalent to 0.24 g. of ozone. (3)—11. of 
ozone weighs 2.139 g. The following data represent a typical analysis: contents of 
large cylinder, 2.16 1.; velocity of air, 600 cc. per minute; 0.01 N Na2S,O; 5.3 cc. The 
data correspond to: g. ozone, 0.00127; % by weight of ozone, 0.000059; g. ozone per 
cc., 0.59; cc. ozone per cubic meter, 276: cc. ozone per hour, 99.3. L. S. 

The determination of manganese. See this title, p. 1303. 


KEEPING UP WITH CHEMISTRY 


Milk enriched with vitamin D. J. A. Tosry. Pract. Home Econ., 10, 131 (April, 
1932).—Cows fed with irradiated yeast give milk sixteen times as rich in vitamin D as 
average milk. Each quart contains as much vitamin D as three teaspoons of cod-liver 
oil. Milk is the most effective and best carrier of vitamin D which also operates to in- 
crease the solubility of calcium and phosphorus in the blood with consequent proper 
deposition at the bone sites needing calcification. This makes it possible to prevent 
and cure rickets on a commercial scale. JW. i 

Silicates in paper manufacture. ANon. Silicate P’s & Q’s, 12, 1-2 (Apr., 1932).— 
Sodium silicates are useful for de-inking paper for the recovery of the fiber. The silicate- 
treated samples are much whiter than those prepared according to an accepted industrial 
method. The sample treated with silicate, however, showed a much greater loss in 
weight. 

A silicate cleansing agent is admirably suited to the washing of the expensive woolen 
fabrics used to carry the paper before it has dried pemetated to support its own weight. 

H. T. B. 

Rhythmic phenomena in gels. J.M. Jouin. Science, 75, 462 (Apr. 29, 1932).— 
The writer mentioned the musical vibration and rhythmic splitting of silicic acid gels in a 
paper which he had presented at the Buffalo meeting of the A. C. S. in April, 1919. He 
has now presented a third phenomena, that of the variation of pitch with time which 
precedes the fracture of the gel. Other variations in tones were also = - 

. H. W. 


1302 









Pe ey Pt i ee Gy SP ee 


ee Ge Oe PEE et Oe Sy 











it- 
TS 


1 
l 








Vox. 9, No. 7 ABSTRACTS 1303 


Spontaneous combustion in the marshes of southern Louisiana. P. Viosca, JR. 
Science, 75, 461-2 (Apr., 29, 1932).—The writer describes a fire in the dried muck, 
thickness of the muck varying from a few inches to depths of several feet, which he said 
could not have been started except by spontaneous combustion. G. H. W. 

Platinum. D. McDonatp, Chem. & Ind., 50, 1031-41 (Dec. 18, 1931).—Plati- 
num was discovered by Spanish adventurers in some river sands in South America. It 
was noticed by them that when it was mixed with gold it rendered it unworkable and 
useless. It remained a curiosity for over two hundred years. The Russian deposits in 
the Ural Mountains are the largest and richest in the world. Other deposits occur in 
South America, Australia, and in a few other parts of the world. The metallurgical 
processes, physical and chemical properties, and uses are described in some detail. The 
account of the marketing, production, and price of platinum is interesting. E.R. W. 

Demand for silver starts new rush in west. H. H. Dunn. Pop. Sci. Mo., 120, 
20-1, 117-8 (May, 1932).—More prospectors are searching for silver at the present 
time, than at any time in the last fifty years. Brief descriptions of mining and refining 
methods, including the amalgamation and cyanide processes, are included. H. T. B. 

The relation between corrosion and paint. W.H. J. VERNON AND L. A. JORDAN. 
Chem. & Ind., 50, 1050-7 (Dec. 25, 1931).—The metallic state is the stable state only in 
the case of the noble metals; corrosion may be regarded as an effort to ‘‘get back to 
nature.’’ In some cases corrosion may be prevented by the formation of continuous 
oxide films, or by coatings of more complex character. These films of natural corrosion 
products have a more intimate bond with the metal than it is usually possible to get with 
paints. The article deals rather extensively with the advantages and disadvantages of 
the various paint bases, vehicles, thinners, and driers. E.R. W. 

Developments in the acetic acid industry. M.ScHorietp. Chem. Age, 26, 252-3 
(Mar. 19, 1932).—The industrial concerns engaged in the production of acetic acid by 
the distillation of wood have been forced to improve their plants greatly in order to meet 
the competition of the synthetic acetic acid industry. The chief synthetic processes 
are: hydration of acetylene to acetaldehyde and subsequent oxidation of this to acetic 
acid, oxidation of ethyl alcohol to the aldehyde and then to acetic acid. EURAW., 

Hydrogen in industry. E. F. Armstronc. Chem. Age, 26, 249-50 (Mar. 19, 
1932).—‘‘The large-scale uses of hydrogen at present fall under four headings: (1) the 
hydrogenation or hardening of fats; (2) the hydrogenation of organic substances gen- 
erally; (3) the conversion of nitrogen to ammonia; and (4) the hydrogenation of mineral 
oil and coal.’”’ The first three of these are of more or less common knowledge but the 
fourth is not so generally known about in this country. Coal of a suitable grade may be 
made into a paste and then hydrogenated under pressure giving a large yield of oil, 
mostly petrol. Tar and residues from petroleum distillation may be hydrogenated, thus 
yielding more valuable materials. E. R. W. 

Smoke, flash, and fire points of certain fixed oils. W.H. Dicknarr. Am. J. 
Pharm., 104, 284 (Apr., 1932).—Knowing that there is existent very little data in 
tabulated form in regard to the smoke, flash, and fire points of various commercial 
oils, it is thought that a list such as this one will be of use. The oils tested include 
olive, rapeseed, sesame, palm, cottonseed, peanut, hydrogenated cottonseed, soya bean, 
lard oil, tallow, sperm, pine, and turpentine G. O. 


SCIENTIFIC REVIEWS AND BIBLIOGRAPHIES 


The determination of manganese. R.G. Harry. Chem. & Ind., 50, 434T-436T 
(Nov. 27, 1931).—In view of the importance of manganese in the manufacture of alloys 
and compounds, as well as its recently discovered importance in nutrition, it is impor- 
tant that its accurate determination in quantities varying from 0.0001 to 60.0% 
be possible. A review is given of the different gravimetric, volumetric, and colorimetric 
methods for the determination of manganese. E:. RB: W: 


HISTORICAL AND BIOGRAPHICAL 


Albertus Magnus as chemist. F. Panetu. Nature, 129, 612-3 (Apr. 23, 1932).— 
Professor Paneth takes exception to a recent article by Dr. Greenwood [for abstract, 
see J. CHEM. Epuc., 9, 948 (May, 1932)] in which was stressed the scientific knowledge 
of Albertus Magnus. Part of the chemical knowledge of Albertus Magnus comes from 
“De Alchimia,” which treatise according to Paneth and others should not be included 
among the authentic works of Albertus. If this is true, only the smaller amount of 
information on chemistry found in ‘‘De Mineralibus’’ can serve as a criterion of the 
great scholar’s real contribution. Professor Paneth thinks that Albertus apparently 
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never experimented chemically. Most of his life was spent in wandering on foot ac- 
cording to the rules of his Order. Therefore, he had abundant opportunities for mak- 
ing botanical and zoédlogical observations, but not for chemical experiments. How- 
ever, “‘the verdict upon Albertus would not be thereby materially altered; in biological 
science he was an original worker of a high order, but, on the other hand, in chemistry 
a mere speculative philosopher, wholly dependent on the Arabs.”’ Nevertheless, the 
chemical observations which can be regarded as authentic are of value as indicating 
the chemical knowledge of that era. FP. B.D. 

Goethe’s relation to chemistry—in memory of the one hundredth anniversary of 
his death (in Dutch). D.H. Wester. Chem. Weekblad, 29, 178-82 (Mar. 19, 1932).— 
The author gives an account of Goethe’s life-long interest in chemistry, which began 
in his youth when he was first influenced by Welling’s “Opus mago-cabbalisticum,”’ 
as well as the works of Paracelsus, Basilius, Valentinus, van Helmont, and others. 
Like many another, the nineteen-year-old youth made for himself an attic laboratory 
where he performed many of the experiments in Boerhaave’s ‘‘Chemistry,’’ thus passing 
from the fantasies of alchemy to experimental chemistry. At Strassburg Goethe 
listened to the lectures of Spielmann, writing to a friend in 1770 that chemistry was his 
secret delight. Much has been written about his acquaintanceship with Gottling, and 
especially with Débereiner at Jena, of whom the great poet showed himself a patron and 
helper in the early years of the last century. There is evidence to show that Goethe 
possessed a very respectable chemical library as well as laboratory, and that he was 
more or less familiar with chemical periodicals and the more important articles contained 
in them. In many of his poems, especially in ‘‘Faust,”’ there are references which show 
Goethe’s alchemical lore as well as the more accurate chemical knowledge of his later 
years. F, B. D. 

Wilhelm Ostwald. P. WavtpEeNn. Chem.-Zig., 56, 293 (Apr. 13, 1932).—Now the 
last one of the first three outstanding physical chemists has passed away. H. van't 
Hoff died in 1911 when he was 59 years old. In 1927 he was followed by Svante Ar- 
rhenius at the age of 68, and now, Wilhelm Ostwald, having reached the age of 78, fol- 
lows his two friends. It so happened that he died in the same city where during his 
lifetime he had developed his abilities to the utmost—Leipzig, which he had left volun- 
tarily in 1905 when he was 52 years old, was to bring relief from suffering and health to 
the old scientist—it brought him the quiet of death. 

In 1887 the young scientist was called from Riga to Leipzig to take over the newly 
created chair of physical chemistry. Using van’t Hoff’s thermodynamics and theory 
of osmotic solutions and Arrhenius’ doctrine of ions as a basis he began to create his 
magnificent structure of physical chemistry. The majority of the modern physical 
chemists came from his laboratory: Arrhenius, Nernst, Beckmann, Paul, Le Blanc, 
Bredig, Luther, Freundlich, Bodenstein, and others. In 1887 he founded his own scien- 
tific journal which in 56 volumes (1887-1906) gives a picture of the tremendous number 
of scientific problems that were worked out in his laboratory. 

In 1905 he retired from his active teaching and research work. Four years later 
he received the Nobel prize representing the official recognition of his outstanding work 
in the field of catalysis. Later he. devoted his interests to broader and more inter- 
national problems, such as the international union of chemists, the world language ‘‘Ido,”’ 
ete. During this last period of his life Ostwald slowly became estranged from the 
younger chemists. Through his lectures and writings he exerted a tremendous in- 
fluence over a wide circle of educated laymen. L. 

Sir William Pope. Nature, 129, 571 (Apr. 16, 1932).—The Society of Chemical 
Industry has awarded the Messel medal to Sir William Pope and has thus given a well- 
deserved tribute to one of Great Britain’s most distinguished chemists. Professor 
Pope, who was born in London, in 1870, was one of Professor H. E. Armstrong’s pupils. 
After serving as professor of chemistry in Manchester, he became in 1908 professor of 
chemistry and director of the Chemical Laboratories at Cambridge. He has been 
president not only of the Chemical Society, but also of the Society of Chemical Industry. 
He was of great assistance to his country in all matters connected with chemistry dur- 
ing the Great War. From the standpoint of pure chemistry he has carried out very 
successful researches along the line of the stereochemistry of optically active substances 
containing sulfur, selenium, tin, etc., and has also made important studies on photo- 
graphic sensitizers. A number of years ago he paid a visit to America, thus widening 
his circle of acquaintances. FE. B...D. 

The life and work of Otto Wallach. L. Ruzicka. Nature, 129, 428 (Mar. 19, 
1932).—Prof. L. Ruzicka, of Ziirich, gave the third Pedler Lecture to the Chemical 
Society, London, on March 10, on ‘‘The Life and Work of Otto Wallach.” Professor 
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Wallach (1847-1931) was born in K6nigsberg and carried on his chemical studies in 
Géttingen under the direction of Wéhler and his assistants, Fittig and Hiibner. His 
dissertation was concerned with position isomerism in the toluene series. At the invi- 
tation of Kekulé, he became an assistant at Bonn where he spent nineteen years. In 
1899 he succeeded Victor Meyer at Géttingen, retaining the directorship of. the Chemi- 
cal Institute until 1915. It is said that the discovery of some old specimens of essential 
oils in a cupboard at Bonn was the beginning of his classical work in the field of ter- 
penes, for which he was awarded in 1910 the Nobel prize. Certainly Wallach and his 
students will always hold a foremost place in the history of terpene chemistry. 
| ae: es 9 

Hundred years of Liebig’s Annalen der Chemie. R. WILLSTATTER. Z. angew. 
Chem., 45, 217-20 (Mar. 12, 1932).—Five hundred volumes (including the supplemen- 
tary volumes) have been printed since the Annalen der Pharmacie edited by R. Brandes, 
Ph. L. Geiger, and J. Liebig appeared for the first time in 1832. The new journal repre- 
sented a union of the archives of the pharmaceutical society of Northern Germany and 
of the magazine for pharmacy and experimental criticism. The first number of this 
periodical contained a report of Liebig’s discovery of chloral and chloroform. Number 
3 contained an article by Liebig and Wohler on the radical of benzoic acid. Two years 
later J. B. Trommsdorff’s Neues Journal der Pharmacie fiir Arzte, A potheker und Chemi- 
ker was incorporated in the Annalen. The main field was still pharmacy. After the 
death of Ph. Lorenz Geiger in 1836, Emanuel Merck, the founder of the famous factory 
of chemicals and alkaloids, and shortly later Friedrich Mohr, became associate editors. 
Dumas in Paris and Graham in London were co-editors for volumes 25 to 40. In 1838 
(volume 41) Woéhler became associate editor and, ten years later Kopp. Wohler changed 
the name to Annalen der Chemie und Pharmacie. After Liebig’s death in 1874 (vol. 
173) Justus Liebig’s Annalen der Chemie were edited by F. Wohler, H. Kopp, A. W. 
Hofmann, A. Kekulé, E. Erlenmeyer, and J. Volhard. As these men died their places 
were taken by R. Fittig, A. von Baeyer, O. Wallach, E. Fischer, C. Graebe, and Th. 
Zinck. Then Kopp was chief editor for 20 years. His successors were J. Volhard 
(1878-1908), J. Thiele (1909-18) and W. Wislicenus (1919). The present editors are 
H. Wieland, A. Windaus, and H. Fischer. 

The journal appeared originally in the publishing house Meyer in Lemgo and 
Winter in Heidelberg. In 1922 it was transferred from C. F. Winter in Leipzig to the 
“Verlag Chemie.” 

The beginning of this periodical’s existence happened to be in the stormy days 
when Berzelius’ dualistic electrochemical explanation of substances was applied to the 
field of organic chemistry and when this theory was displaced by the substitution theory 
and the type theory. In its later years the discovery of the tetra valency of carbon 
and the explanation of the benzene formula was made by Kekulé. Then organic chem- 
istry became more and more important to the outstanding chemists of that period who 
completed the system of structural chemistry and built up the field of aromatic chemistry. 
Later the chief interest of chemical investigations turned to other fields. The Annalen 
of today endeavors to cover all branches of chemistry. Its greatest achievement 
during this last period lies in the boundary regions of organic chemistry, in the regions 
where chemistry comes in contact with biology. The vast amount of knowledge which 
these five hundred volumes contain gives a complete picture of the history of chemistry 
and the characteristics of those various men whose intelligence and creative ability 
were the determining factors in the development of our science. L. S. 

Roman mining in Britain. Nature, 129, 572 (Apr. 16, 1932).—In a paper on Roman 
mining in Britain, read before the Newcomen Society on March 30, Mr. G. C. Whittock 
gave a sketch of mining operations during the Roman occupation, at which time the 
natural mineral wealth of England in the way of coal, gold, copper, lead, iron, and tin 
was exploited. The production of lead began as early as A.D. 49, and rose rapidly 
during the reigns of Nero and Vespasian (A.D. 67-79). In the way of evidence many 
pigs of Roman lead have been recovered, some of which show an official stamp to the 
effect that they had been desilverized. Iron was also produced, as was tin to a small 
extent, in Cornwall. F..B D. 

Early steps in photography. “A classic of science.” Sci. News Letter, 21, 198-200 
(Mar. 26, 1932).—Wedgwood, in Journals of the Royal Institution of Great Britain 
for June, 1802, describes a method of copying paintings using the action of light ona 
substance which has been treated with a solution of silver nitrate. Herschel, in the 
Proceedings of the Royal Society, 1840, presented the results of a study on fixing agents. 
Eastman, in 1880, patented a process for making film on a large scale. HTB: 

Platinum. See this title, page 1803. 
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TEACHING OBJECTIVES, METHODS, AND SUGGESTIONS 


Individualized science instruction in junior high. J. P. McMurray. High Sch. 
Teacher, 8, 97-8 (Mar., 1932).—Teachers often place responsibility for lack of individual- 
ized instruction on the administrative set-up existing in the school. The writer discusses: 
(1) means by which a teacher may care for the individual student regardless of the 
administrative set-up, (2) a method of fusing the desirable features of the leading ‘‘indi- 
vidualized instruction’”’ plans into a working plan adapted to the needs of the com- 
munity in which he is teaching. Perhaps the easiest approach to the problem of indi- 
vidual instruction is through the differentiated assignment which includes: (1) a state- 
ment of the problem, (2) a list of references which will aid the student in finding the 
answer to the problem, and (3) a science content distributed over three levels of achieve- 
ment. The statement of the problem usually covers a conventional topic in science, 
but is put in a form that challenges the student, makes the material real by tying it 
with every-day life, and does not overlook the adolescent tendency toward manipula- 
tion. References may be found in texts and other more descriptive sources such as en- 
cyclopedias. 

Danger of the work becoming entirely written may be largely avoided by the use 
of experiments, reports, and group discussion. Under this plan, students learn the facts 
and come to look upon the school, not as a penal institution, but as a ‘‘place of business” 
where he has a day’s work to perform, just as surely as his father who “goes to the office 
or shop.”’ In addition, they gain experience in visualizing the problem, planning a 
means of attack, and finding the material necessary for the solution. H. FB: 

Report on the experimental use of units in physics. A. W.Hurv. North Cent. 
Assoc. Quart., 6, 408-12 (Mar., 1932).—The author reports the progress during the past 
four years in the experimental use of certain units in physics. Several selected high 
schools have been coéperating in this study. The author explains what the committee 
is trying to do, the progress it has made, and implications of the study. CoM. P: 

Statistical data 1930 for chemical instruction. F. HormMann. Z. phys. chem. 
Unterricht, 45, 63-8 (Mar.-Apr., 1932).—The author lists and discusses statistical in- 
formation concerning: (1) world production and consumption of coal, pig iron, steel, and 
petroleum; (2) world production of certain chemical products for the period 1913-27; 
and (3) the German exports of various chemicals. L..S. 


ADMINISTRATIVE PROBLEMS AND DEVICES; CURRICULA 


Certain problems of the machine age and their educational implications. H. S. 
Moore. Calif. Quart. Sec. Educ., 7, 253-63 (Apr., 1932).—The author discusses: (1) 
present unemployment conditions in relation to so-called normal times; (2) effects of 
the machine in typical industries; (3) occupational shifts, or the rise and fall of typi- 
cal occupations over a period of years; and (4) the trade equipment of the worker. 
Certain very interesting statistics relating to the effects of labor-saving machines and 
unemployment are included. There must be a new emphasis on vocational educa- 
tion, broadening its scope and extending its period. C. M. P. 


EDUCATIONAL MEASUREMENTS AND DATA 


The teaching of science in secondary schools. F.D.Curtis. North Cent. Assoc. 
Quart., 6, 322-474 (Mar., 1932).—This is the résumé of a questionnaire study of science 
teaching in 1802 (83.1%) schools of the North Central Association. The percentages 
of schools offering various courses in science are as follows: 


Astronomy 1.1 Chemistry 70.6 
Elementary Biology 14.6 Physics 89.7 
General Biology 52.1 General Science 67.7 
Botany 17.4 Physiography 17.6 
Zoélogy 10.8 Geology 3.1 
Physiology 29.3 Hygiene 22.5 


Of the 5197 science teachers, 3605 were men and 1592 were women. Salaries paid 
men are considerably higher than salaries paid women. The modal number of women 
(34.5%) received salaries between $1251 and $1500, the modal number of men (21.5%) 
received salaries between $1751 and $2000. 

Tables are also included showing teaching experiences of the science teachers, 
degrees, practice teaching; subject-matter preparation, teaching load, teaching combi- 
nations, periods per week devoted to science, size of science classes, laboratory work, 
textbooks, and professional reading of science teachers. Cae? 
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Class-size standards at the college level. E. Huprtson. North Cent. Assoc. 
Quart., 6, 371-81 (Mar., 1932).—This paper reports. the results of the educational 
achievement of small and large college classes. Such studies have been made at the 
University of Michigan; the University of Minnesota; the State Normal School at 
Worcester, Massachusetts; the State Normal School at Ellensberg, Washington; 
State Teachers’ College at Kirksville, Missouri; University of Arkansas; University 
of Texas; University of Oregon; and the University of Chicago. Conclusions from 
these studies are: (1) class size bears no significant relationship to educational efficiency 
as measured in terms of student achievement; (2) most advantages of small classes 
accrue to weak students; (3) pupil differentiation can best be obtained in large classes; 
small classes place a premium on mediocrity. The author believes that standardizing 
agencies, 1n view of experimental evidence at hand, can no longer defend the imposi- 
tion of class-size limitations. C. M. P. 

The length of class periods. J.B. Paut. Educ. Record, 13, 68-75 (Jan., 1932).— 
The class period in 93% of American colleges and universities ranges from 50 to 55 
minutes. When the number of minutes in the class period and in the interval between 
class periods is added, the result is 60 minutes in 86% of the institutions. This indi- 
cates that the length of the class period is mostly influenced by the fact that there are 
60 minutes in an hour. The shortest class period reported was 45 minutes and the 
longest period 120 minutes. During 1930 the author conducted experiments at Iowa 
State College using 30-minute periods and 55-minute periods. There were equated 
groups in History and Principles of Education, Psychology I, English I, and Elements 
of Geography. Pre-tests and final tests varying in length from 236 to 366 items were 
used to determine the actual amount learned. In Psychology I the amount learned 
was one tenth of one per cent greater in the 55-minute class. The 55-minute classes 
in the other subjects showed slightly greater gains averaging about 9.1% more. Many 
questions are raised relative to the most economical length for a class period both in 
college and in high school. This limited study reveals that a 30-minute class period 
is almost as effective as a 55-minute class period and much more economical. How 
about the distribution of class periods through the academic year? C. M. P. 

Where are we going in our high schools? H. G. CampBeti. School, 43, 305-6 
(Feb. 25, 1932).—In 1900 there were 11,705 pupils in the New York City high schools; 
in 1910, 34,643; in 1920, 70,597; in 1932, 210,000. If those attending evening high 
schools and trade schools are included, the total becomes 400,000 pupils who are receiv- 
ing education at public expense in New York City. The average high-school class 
contains 29.8 pupils. Many problems present themselves in so large a cosmopolitan 
high-school population as that found in New York City schools. In the future, the 
author believes, we are going to develop a better system of vocational education; we 
are going to spend more time in considering how we may educate high-school pupils 
for the more profitable use of leisure time; high schools will consider their most impor- 
tant work the inculcation of proper health habits; and the emotional side of pupils 
will receive more attention. C. M. P. 


THE PHILOSOPHY OF EDUCATION 


First things in education. W.H.Kivpatricx. Sch. & Soc., 34, 847-54 (Dec. 26, 
1931).—Dr. Kilpatrick discusses the following factors, which he considers rank first in 
education: the demand of a new social outlook; applied intelligence in matters of public 
concern; the necessity of a new type of curriculum. There must be a correlation of 
schooling and the life about an individual if the best in education is to be had. ‘vi 

K. S. H. 

The state university—a service institution. J. .M.Smitu. Sch. & Soc., 35, 71-8 
(Jan. 16, 1932).—President Smith in his inaugural address has presented not only 
the ideal object for which a state university should exist but the essential purpose of its 
founders and has outlined practical methods which would render a complete educational 
service to the people of the state. The broad conception that the university system 
of education should not be limited to a class but should be adapted to meet the require- 
ment of the necessities of society in order to build up a strong and influential state is the 
reason why it should receive the support of the state. This policy is the best guaranty 
of democracy. There are two fields of research, he says, one interested in the discovery 
of knowledge per se and the extension of its boundaries; the other, in the application 
of these new principles to the improvement of processes by which civilization is main- 
tained and its progress assured. He expresses the desire that the University of Louisiana 
continue to hold high the purposes and strive to attain the lofty ideal stated by its 
founders in its charter, ‘‘to become an institution of learning in the broadest and 
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highest sense, where literature, science, and all the arts may be taught; where the 
principles of truth and honor may be established and a noble sense of personal and 
patriotic and religious duty inculcated; in fine, to fit the citizens to perform justly, 
skilfully, and magnanimously all the offices, both private and public, of peace and war.” 
Democracy needs no better foundation for its present and future security. K.S. H. 

Dare progressive education be progressive? G. S. Counts. Prog. Educ., 9, 
257-63 (Apr., 1932).—Schools, even so-called progressive schools, are only playing with 
the problem of social change and betterment. Progressive schools have been too much 
concerned with individualism and too little concerned with the reconstruction of our 
economic order. Schools must focus their attention on social problems and their solu- 
tion, if they would be truly progressive in the genuine social sense. The author be- 
lieves that the most feasible solution lies through the method of indoctrination. He 
doubts that schools dare to become really progressive in their solution of social prob- 
lems. C. M. P. 

Certain problems of the machine age and their educational implications. See this 
title, page 1306. 

THE PHILOSOPHY OF SCIENCE 


What is science? D.E. Parturps. J. Educ. Pyschol., 23, 299-308 (Apr., 1932).— 
The term “‘scientific’’ is much abused and has so many connotations that the author 
suggests that we limit the term “‘scientific’’ to purely quantitative considerations and 
apply ‘‘research’’ to qualitative inquiry. Studies in the field of human conduct such 
as education, sociology, history, and so on, can never be made scientific in the sense 
that studies in the natural sciences are scientific. Scientific accuracy is modified by 
the degree in which subject standards must be used; by the variable degrees of control 
over a given situation; and because of emotional bias. C. MM: P: 


PROFESSIONAL 


Administrative practices affecting classroom teachers. Research Bull. Nat. 
Educ. Assoc., 10, 1-76 (Jan. & Mar., 1932).—The January Bulletin is given over to a 
consideration of the selection and appointment of teachers. The major points con- 
sidered are: training requirements for newly appointed teachers; experience require- 
ments for newly appointed teachers; employment of married women as teachers; ap- 
pointment of local residents as teachers; routine procedures in the selection of teachers. 

The March Bulletin considers the retention, promotion, and improvement of teach- 
ers. The problems discussed include: the term of employment for teachers; teachers’ 
salaries and salary scheduling; sick leave and related problems; extended leaves of 
absence for professional or cultural improvement; teacher rating as a means of im- 
provement. es oes 

Training teachers for character education. H. NEUMANN. Sch. & Soc., 35, 39-42 
(Jan. 9, 1932).—The author points out that the purpose of the teacher in pursuing a given 
curriculum will determine the value it will be to his personality. Pursuing a study 
merely for the purpose of obtaining a degree or promotion will be of little value to him. 
It is a conscious desire for a richer character that will enable the teacher to see moral 
values in literature and this influence cannot help but be felt by the pupils he teaches. 
All teachers, the writer asserts, need courses in social problems, for by studying the 
character of those who have achieved success, one learns ‘‘in a new fashion’”’ how there is 
a moral power at work in people which raises some of them above adverse circumstances. 
The teacher who has benefited by the subjects to which he has given his attention will 
naturally instil a spirit of achievement in the pupils with whom he comes in contact and 
help them to exercise their creative ability. K. S. H. 

Teaching versus research. N. I. Wuite. Sch. & Soc., 35, 109-14 (Jan.- 23, 
1932).—There exists in American academic circles two gods—Research and Teaching. 
Each group advances, by means of its journals and societies, its own special interests. 
In each group there are individuals who have their own methods of advertising—ways of 
getting before college presidents, deans, and others in authority, facts which appear 
favorable to them. Salesmanship is rewarded more often than scholarship. But 
whether one is a research worker or a teacher, the essential qualities each must possess 
are practically the same—honesty, tolerance, industry, and mental alertness. 

K. S. H. 
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Analytical Chemistry, Vol. I, Qualitative 
Analysis. Based on the German text 
of F. P. TREADWELL, Polytechnic Insti- 
tute of Ziirich, translated and revised 
by WiLi1aAM T. HALL, Massachusetts 
Institute of Technology. Eighth En- 
glish edition. John Wiley & Sons, Inc., 
New York City, 1932. xi + 640 pp. 
24 Figs. 15 X 23cm. $4.50. 


The most extensive change in this new 
edition consists in the addition, as an 
appendix, of a twenty-six page syllabus, 
presenting an outline of the course of in- 
struction given at the Massachusetts In- 
stitute of Technology. This supplement, 
which is chiefly accountable for the in- 
crease in size over the previous edition 
from 610 pages to 640, unquestionably 
renders the work much more readily adapt- 
able to use as a laboratory manual and 
textbook, and will be welcomed by all who 
contemplate its use in these capacities. 
At the same time, it is a matter for grati- 
fication that the characteristic arrange- 
ment of the body of the text has not been 
modified. For among present-day trea- 
tises upon qualitative analysis, this is one 
of the few which does not present the sub- 
ject matter in a form suited exclusively to 
use in beginners’ courses, and very little 
adapted to the needs of the more ad- 
vanced worker who must occasionally re- 
fresh and extend his knowledge of this 
branch of chemistry. 

The more recent editions of this work 
have become so comprehensive, and so 
well-matured, that it is not surprising 
to find that alterations in the body of the 
text are confined to minor refinements 
and to a few revisions and rearrangements 
of sections relating to certain of the less- 
common elements. Changes of this char- 
acter include the removal of tantalum and 
niobium (now become columbium) from 
the ammonium sulfide group of the syste- 
matic procedure to a newly added acid- 
forming group, where they are joined by 


tungsten, transferred from the hydrogen 
sulfide group. In like manner, the ele- 
ments thallium, indium, gallium, and 
vanadium have altered their company, 
and now appear among the members of 
the ammonium sulfide group, instead of 
in the hydrogen sulfide group, as hereto- 
fore. All this is in accord with the adap- 
tation of the procedures to the more 
recent advances in the analytical chem- 
istry of the rare, or once-rare, elements. 

The new edition differs so little from 
the one preceding, except in the details 
just mentioned, that further description 
seems superfluous. And criticism of so 
excellent a work is hardly gracious, the 
more so since such omissions as occur are 
probably dictated largely by limitations 
of space. It might perhaps be suggested, 
however, that the discussions of the theory 
of electrolytic dissociation, and its appli- 
cations to analytical reactions, could with 
advantage give to the student rather more 
intimation of the doubts and limitations 
to which that theory is at the present 
time subject. With this possible excep- 
tion, the reviewer can find little save to 
praise in this edition. 

D. P. SMITH 


PRINCETON UNIVERSITY 
PRINCETON, N. J. 


A Course in Quantitative Analysis. J. 
SAMUEL Guy, Professor of Chemistry, 
Emory University, and AUGUSTA SKEEN, 
Assistant Professor of Chemistry, Agnes 
Scott College. Ginn & Co., Boston, 
Mass., 1932. xiv + 242 pp. 11 Figs. 
14 X 20.5cm. $2.20. 


The book is divided into an Introduc- 
tion of 38 pages and three Parts. Fifteen 
pages of the Introduction are devoted to 
“A Brief Outline of Some Chemical 
Theories” and 23 pages to ‘‘General Direc- 
tions’? covering the technic of both gravi- 
metric and volumetric analysis. Part I, 
85 pages, is devoted to volumetric meth- 
ods; Part II, 23 pages, to gravimetric 
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methods and certain optional determina- 
tions; and Part III, 41 pages, to ‘‘Hy- 
drogen-Ion Determination.” 

Certainly the most unusual feature of 
this little book is the arrangement and 
suggested method of presentation of that 
part of the subject matter devoted to 
volumetric analysis. The student is di- 
rected to prepare, as the starting point, 
approximately 0.1 N solutions of hydro- 
chloric acid, sodium hydroxide, oxalic 
acid, potassium permanganate, ferrous 
ammonium sulfate, potassium dichromate, 
sodium thiosulfate, iodine, sodium arse- 
nite, potassium thiocyanate, and silver 
nitrate. He then determines the milli- 
liter ratios between successive pairs of 
the solutions, the “‘chain’’ being closed by 
the titration of the silver nitrate with the 
hydrochloric acid. Two of the solutions 
are then standardized, normality factors 
calculated for all solutions in the chain 
from each set of data, and each solution 
then employed for the analysis of at least 
one unknown. 

Part II, the very brief section devoted 
to gravimetric methods, presents. a few 
simple and well-chosen determinations 
suitable for beginners. 

Part III is devoted to a somewhat de- 
tailed discussion of the subject of hydro- 
gen-ion concentration, and directions are 
given for the determination of the pH 
values of both buffered and unbuffered 
solutions by the colorimetric method. 

Throughout the text, practically every 
exercise is followed by the data of a 
“‘model experiment” and calculations for 
each individual sample are shown in full. 
A few well-selected questions and simple 
problems conclude each exercise. 

This little book presents the elementary 
principles of quantitative analysis in such 
clear and simple fashion that they should 
readily be grasped by any student who 
has had a good course in general chem- 
istry. The explanations are so lucid, the 
model experiments so numerous, and the 
data calculated in such detail, that some 
might argue that there is little left for the 
student to do save follow directions. 


JULY, 1932 


On the other hand, it can hardly be 
recommended, in the reviewer’s opinion, 
for a course in the fundamentals of quanti- 
tative analysis. The treatment of the 
theoretical principles which are the basis 
of all quantitative methods is brief and 
fragmentary, and procedures, too numer- 
ous to mention individually in a brief 
review, which might be considered satis- 
factory for elementary work on the part of 
non-chemistry majors become inaccurate 
and unreliable when considered from the 
standpoint of precise work. The dangers 
inherent in the standardization of a chain 
of solutions as described by the authors 
are well known and outweigh, in the opin- 
ion of the reviewer, whatever pedagogical 
advantages the procedure may possess. 

The form and organization of the ma- 
terial is excellent and the book is unusually 
free from typographical errors. Teachers 
who have occasion to offer brief elementary 
courses in quantitative analysis should 
by all means examine this interesting and 
very teachable little book. 

A. P. BLAack 


THE UNIVERSITY OF FLORIDA 
GAINESVILLE, FLORIDA 


Die Chemische Analyse, XXX Band. 
Rechenverfahren und Rechenhilfsmittel 
mit Anwendungen auf die Analytische 
Chemie. Pror. Dr. Ortro LIESCHE. 
WILHELM Borttcer, Editor. Ferdinand 
Enke Verlag, Stuttgart, 1932. viii + 
203 pp. 24 Figs. 16.5 K 25cm. Un- 
bound 20 R.M., bound 22 R.M. 


The program of the book is outlined in 
an introductory section in which it is 
pointed out that the book has been written 
from the viewpoint of self study as well 
as for use in classes, that it is intended to 
achieve an inspiring and methodically 
instructive effect, and that the book is to 
be of aid in the province of figures and the 
simple numerical relations which are ex- 
pressed: in fundamental chemical laws. 
The author states that if certain portions 
appear to be elementary, his excuse is that 
difficulties in understanding often have 
their foundations in confusion directly 
concerning elementary things. 
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The main portion of the book is divided 
into four sections. In Part I are dis- 
cussed simple calculations, such as addi- 
tion, subtraction, multiplication, and di- 
vision, with numerous examples. Part 
II covers special aids in multiplication 
and division such as logarithms, the loga- 
rithmic slide-rule and the calculating ma- 
chine. Part III deals with chemical 
calculations and their algebraic formula- 
tion and covers simple gravimetric analy- 
sis, volumetric analysis, indirect analysis 
of two- and three-component systems, 
critical examination of errors, calculations 
of analyses of complex mixtures such as 
rocks, complex salts, and water, and the 
calculation of gases. Part IV deals with 
nomography and includes a review of the 
literature. 

The subject matter of the book should 
certainly be given careful consideration 
by all teachers of courses in stoichiometry. 
Its use as a textbook will necessarily be 
limited to classes that have had a thor- 
ough grounding in German. 

G. E. F. LUNDELL 


U. S. Bureau oF STANDARDS 
WASHINGTON, . 


Perkin and Kipping’s Organic Chemistry, 
Parts I and II (Entirely new edition). 
F. STANLEY KIppPiINnG,University Col- 
lege, Nottingham, and F. Barry Kir- 
PING, Trinity College, Cambridge. J.B. 
Lippincott, Philadelphia. Printed in 
Great Britain by W. & R. Chambers, 
Ltd., London and Edinburgh, 1932. 
vi + 614 + xxiv pp. 24 Figs. 12.5 
X 18.8 cm. $3.50. 


To the older generation of organic chem- 
ists the name, “Perkin and Kipping’s 
Organic Chemistry,” is very familiar as 
a much-used text, but one that has been 
largely displaced owing to lack of revision. 

Since the lamented death of the great 
master of synthetic chemistry, W. H. 
Perkin, this new edition has been edited 
by the junior author, assisted by F. Barry 
Kipping. While the bulk of the material 
remains the same as in the older edition, 
many changes have been made both in 
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form of expression and subject matter, 
which greatly improve the text and bring it 
down to date. 

Part I (323 pages), which is devoted to 
the open-chain compounds, begins with 
the usual chapter on ‘“‘Composition, Puri- 
fication and Analysis of Organic Com- 
pounds and Deduction of Formulae,”’ 
followed by chapters on hydrocarbons, 
halogen derivatives, etc., with only slight 
differences in the order and number of 
chapters from the older edition. 

In contrast with some of the recent 
American texts, no reference is made to 
the electronic theory in explaining organic 
reactions. What is more surprising, how- 
ever, is that the Geneva system of nomen- 
clature is wholly unused. 

The chapter on carbohydrates (24 pages) 
is unduly shortened, owing to the purpose 
of the authors to discuss this subject in 
more detail in Part III. In this connec- 
tion it seems unfortunate not to devote 
some attention to the space relationship 
of the sugars, the oxide formula, etc., since 
many students will never see Volume ITI. 

Part II continues with homocyclic 
compounds, to which 170 pages are de- 
voted. As a minor point, Ladenburg 
and Nolting’s method of proof of the 
equivalence of the six hydrogens in ben- 
zene could well have been included in the 
author’s discussion of that subject (p. 
351). 

Under heterocyclic derivatives only 
nitrogen-containing rings are mentioned; 
then follow chapters on the alkaloids, 
amino acids, and purine bases; on some 
important components of animals and 
plants and dyes, ending with a brief 
description of methods for the identifica- 
tion of organic compounds. One valuable 
feature of the work is the careful cross-in- 
dexing of allied material, and the sum- 
maries that are found at the end of most 
of the chapters on the aliphatic series. 

The author very justly remarks: 
‘Without a thorough course of laboratory 
work no sound foundation can be laid, 
and an ill-balanced accumulation of facts 
is the result. For this reason the prepara- 
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tion of many typical compounds is de- 
scribed in sufficient detail to enable a be- 
ginner to carry out the operation by him- 
self.’”’ 

Some seventy-nine preparations are de- 
scribed accurately, but briefly, though the 
reviewer feels that their inclusion does 
not adequately take the place of a fuller 
laboratory text. Their presence in the 
volume may have the advantage that the 
student can correlate the laboratory meth- 
ods with the descriptive matter in the text 
without recourse to another book—an 
effort which he sometimes fails to make. 

The volume has naturally been written 
for the English school system, with the 
result that the American teacher will find 
some of the topics to which he might 
wish to refer, such as the extended treat- 
ment of carbohydrates, terpenes, etc., in 
Part III, which is to appear shortly. 

From the standpoint of typography the 
book is a very satisfactory one. The 
formulas are clearly printed and the pages 
have a pleasing appearance. This new 
edition can commend itself very definitely 
to the teacher who desires a well-written, 
accurate text containing a wealth of de- 
scriptive material correlated with the 
necessary discussion of group reactions 
and with theory substantiated by accurate 
experimental data. 


F. B. Darns 


UNIVERSITY OF KANSAS 
LAWRENCE, KANSAS 


Model Essays in Organic Chemistry. 
D. D. Karvk, Ph.D., M.Sc., A.I.I.Sc., 
Fergusson College, Poona, India, and 
G. D. Apvani, B.A., M.Sc., A.I.I.Sc., 
D. J. Sind College, Karachi, India. 
First edition, Sind Juvenile Codépera- 
tive Society, 1873 Elphinstone Street, 
Karachi, 1930. iv + 300 pp. 13 X 
20.5cm. 5 Rs. or 8 Sh. net. 


The authors say, ‘‘the present volume is 
intended mainly for the use of students 
preparing for their degree examination in 
Chemistry. It is generally difficult for 
a student...to distinguish from the mass 
of literature. . .available to him. .. what is 
important and what is not....The es- 
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says...are to serve as models to the stu- 
dents as to how all the available materia] 
is to be condensed into a presentable 
form.” 

The book consists of essays on such 
topics as an Outline of Stereochemistry, 
Optical Activity, Geometrical Isomerism, 
Stereochemistry of Nitrogen Compounds, 
Walden’s Inversion, Mutarotation, Asym- 
metric Synthesis, Dynamic Isomerism, 
Constitution of Benzene, Constitution of 
Diazo Compounds, Relation between 
Color and Chemical Constitution, Absorp- 
tion Spectra, Synthetic Dyes, Natural and 
Artificial Rubber, Constitution of Chloro- 
phyll, Chemical Action of Light, Abnormal 
Valency, Organic Compounds of Mag- 
nesium and Zinc, Organic Compounds of 
Lead, Ketenes, and fifteen similar subjects 
selected from the field of organic chemistry. 

The essays are short, concise, and clearly 
written. The advanced undergraduate 
and first-year graduate students will find 
them not only interesting and instructive 
but also a valuable guide to further 
reading. In keeping with the peculiar 
purpose for which the book was written, 
it contains no references. This is to be 
regretted since many readers will find here 
suggestions which they will want to follow 
to their original source. One wonders 
whether the book would not have served 
its intended purpose equally well if the 
references had been inserted. 

The American reader will find both the 
vocabulary and spelling a little unusual 
at some points. 


CerciL E. Boorp 


Tue Onto STATE UNIVERSITY 
Co_umBus, OHIO 


Chemistry of the Saccharides. Volume 6 
of The George Fisher Baker Non-Resi- 
dent Lectureship in Chemistry at Cor- 
nell University. HANS PRINGSHEM, 
University of Berlin. McGraw-Hill 
Book Company, Inc., New York City, 
1932. 413 pp. 15 X 23cm. $4.00. 
The text of the new volume of Pring- 

sheim’s ‘‘The Chemistry of the Mono- 

saccharides and of the Polysaccharides’’ is 
based upon his lectures delivered at 
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Cornell University during the fall term 
of 1928-1929, but the material reviewed 
in it is extended to include publications 
which appeared during December of 1929. 
The scope of the volume is broader than 
that of either of the two earlier volumes 
by the same author. 

The book is divided into three sections. 
The first deals with the chemistry of mono- 
saccharides, the second with that of 
crystalline polysaccharides (di-, tri-, and 
tetrasaccharides), which the author refers 
to as “polysaccharides of the first order,” 
and the third—by far the largest section— 
is devoted to a discussion of the polysac- 
charides of colloidal nature, which are 
designated by the author as “‘polysaccha- 
rides of the second order.” 

The first section is written by way of in- 
troduction to the chemistry of polysac- 
charides, in which field Pringsheim is an 
outstanding authority. The discussion is 
limited to the fundamentals of this class 
of carbohydrates. In somewhat greater 
detail is reviewed the progress of the recent 
work on the ring structure of monosac- 
charides and anhydrosugars because of 
the bearing of these topics on the chem- 
istry of polysaccharides. Here and there 
in the discussion is noted a bias in favor 
of the German chemists. Thus, the im- 
petus toward revision of Fischer’s nomen- 
clature of the d- and /-series came from 
American workers, but credit for it is 
given to Wohl and Freudenberg, who 
were not the authors of the newer classi- 
fication but merely its advocates. There 
is also an inaccuracy in regard to the re- 
viewer’s view on the configuration of glu- 
cosamine. Prior to 1925, the reviewer was 
inclined to assign to it the structure of 2- 
aminomannose, but since that date he has 
assigned to it the configuration of 2-amino- 
glucose. 

In the second section an account is given 
of the recent progress in the chemistry of 
crystalline polysaccharides. The achieve- 
ments in this field of chemical research in 
recent years have been striking and defi- 
nite. New methods have been developed 
for the elucidation of their structure 
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analytically, various methods have been 
developed for the synthesis of these poly- 
saccharides, several of the long-known 
polysaccharides have been actually syn- 
thesized and polysaccharides not yet 
known in Nature have been prepared. 
All these achievements are reviewed in a 
concise and clear manner. 

The third section is by far the most im- 
portant part of the book. Of the total 
376 pages, 256 are devoted to the discus- 
sion of present-day knowledge of the car- 
bohydrates of colloidal character. The 
content is practically a translation of the 
third German edition of “Die Polysac- 
charide’”’ by the same author. It deals 
individually with all the important mem- 
bers of this group, to which belong cellu- 
lose, hemicellulose, lignin, starch, glyco- 
gen, dextrin, inulin, and nitrogenous poly- 
saccharides. In addition to the account 
of the physical and chemical properties 
and the occurrences of the substances, the 
discussion is extended to their biological 
origin and to their biological, technical, 
and agricultural significance. Special em- 
phasis is given to the action of enzymes and 
of microérganisms on these substances. 
These investigations also had a two-fold 
significance, one elucidating the chemical 
structure of the polysaccharides and the 
other explaining their transformation into 
humus and coal. Wisely the author de- 
ferred the theoretical discussion of struc- 
ture to the very end of the book. There is 
scarcely a chapter of chemistry which has 
been, and persists in being, equally con- 
troversial. The older theories regarded 
the majority of carbohydrates as built 
from their component units in chain form 
by forces of primary valence. The in- 
troduction of X-ray analysis and the 
discovery of non-reducing cyclic mono- 
saccharides (anhydromonoses) and cyclic 
di- and trisaccharides gave an impetus 
to newer theories which regarded the so- 
called “‘high-molecular carbohydrates” as 
composed of these simpler non-reducing 
units joined by cohesion forces, or by 
molecular forces of not well-defined nature. 
For a time it seemed that the older theories 
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were on the verge of being abandoned. 
Today the trend is changing. However, 
much has been learned from these con- 
troversies. Pringsheim has taken an ac- 
tive part in these discussions, contributing 
experimentally and theoretically, and has 
succeeded in presenting the opposing 
views in a well-balanced form—though he 
seems reluctant to reinstate the older 
theories. 

The reviewer knows of no better book in 
the English language dealing with the 
same subject. The German edition, which 
is dated a year earlier, seems to be more 
nearly up-to-date on some few occasions. 


P. A. LEVENE 


ROCKEFELLER INSTITUTE 
New York City 


MISCELLANEOUS PUBLICATIONS 


Persing Laboratory Chemistry Test. 
Forms A and B. K. M. PERSING. 
Public School Publishing Co., Bloom- 
ington, Ill., 1932. 4 pp. (each form). 
21.5 X 28 cm. Sample set (one form 
with accessory material), $0.15 post- 
paid. Other prices on application to 
publisher. 


This test is designed as an objective 
measurement of the achievement of pupils 
in laboratory technic in high-school 
chemistry. It includes the use of mul- 
tiple-choice statements, completion-type 
problems, completion of apparatus, and 
checking up incorrectly set-up apparatus. 
The test is intended for use in measuring 
achievement in courses using the conven- 
tional laboratory manual or direction 
sheets. 

The test was constructed from material 
obtained from an analysis of the available 
laboratory manuals, laboratory guides, 
and direction shéets in high-school chem- 
istry. From a large amount of material 
thus obtained, a selection was made, elimi- 
nating the material not of common occur- 
rence. To this selected material were 


added certain items containing problems 
and difficulties frequently encountered by 
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students in the laboratory. Each form 
of the test consists of sixty-nine items. 


High-School Science Clubs. Louis A. 
AsTELL, Advisor, Illinois Junior Acad- 
emy of Science, and CHARLES W. ODELL, 
Assistant Director, Bureau of Educa- 
tional Research. University of Illinois 
Bulletin, Vol. XXIX, No. 39; Bureau of 
Educational Research Bulletin No. 60. 
College of Education, University of 
Illinois, Urbana, IIll., Jan 12, 1932. 
77 pp. 15 X 23cm. $0.50. 


Recently the extra-curricular activities 
of our schools have been receiving much 
attention. This is as it should be because 
they make important contributions to the 
education of boys and girls. In order to 
capitalize fully the possibilities of these 
activities wise direction by the teachers 
and by the school in general is essential. 
This study of science clubs in high schools 
is presented in the hope that the informa- 
tion collected will be useful to teachers 
and high-school principals. The an- 
notated bibliography will be of service to 
those who desire to study the topics further. 


The Teaching of Chemistry in the Sec- 
ondary Schools of New South Wales, 
with Special Reference to the Condi- 
tions Existing in the United States of 
America. Roy W. STANHOPE, B.Sc., 
Dip.Ed. Issued by the Australian 
Council for Educational Research. 
Melbourne University Press in associa- 
tion with Messrs. Macmillan & Co., 
Ltd., Melbourne, Australia, 1932. 74 
pp. 14 X 21.5cm. 


This survey includes a discussion of the 
following topics: organization and enrol- 
ment in schools, the chemistry syllabus, 
the teachers, textbooks, manuals, and 
reference books, chemistry rooms, teach- 
ing methods and aids, and suggestions to 
improve the teaching of chemistry. The 
Appendix includes data on general science 
in the United States, chemistry courses in 
the U.S. A. and N. S. W., statistical tables, 
and a questionnaire form. 
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EDITOR’S OUTLOOK 


T IS probably no news to readers of the JoURNAL that, beginning fo 


with its second volume, the publication has been Heavily subsidized 
throughout its career to date. Even those who take no interest in 
financial reports can hardly have failed to realize that a 
the Jo subscription price of two dollars annually, plus such ad- 
vertising as the JOURNAL has carried, was insufficient to 
cover the costs of publication and mailing. Nor has there been any 
reasonable prospect that a considerable increase in subscription volume 
could make ends meet. Whether or not readers have received more than 
their money’s worth we must leave it to them to judge. The fact re- 
mains that they have been asked to pay a somewhat smaller proportion 
of the cost of publication than the average student at a state university 
pays of the cost of his education. 

It is not our intention to raise at this time the question whether this 
is an altogether proper state of affairs or not. The American people are 
apparently definitely committed to the principle of subsidized education. 
It may or may not follow that permanent subsidization for teachers’ pro- 
fessional journals is desirable. At the present moment, however, “‘it is a 
condition and not a theory that confronts us.” 

The economic situation is such that The Chemical Foundation is no 
longer able to continue its generous donations to the JoURNAL on the 
same magnificent scale that has prevailed in the past. The subsidy for 
the year July, 1932—July, 1933, will be a little more than one-third that 
for the year July, 1930—July, 1931. We have further to face the fact that 
unless new and unsuspected sources of income are discovered the publica- 
tion must be put upon a self-sustaining basis as rapidly as possible. 
This year’s grant is really in the nature of a shock-absorber to aid in ef- 
fecting the transition to a sound, financial basis. 

The necessary adjustment might be made by ruthlessly slashing the 
publication, but to the Executive Committee of the Division of Chemical 
Education such a course has seemed highly undesirable. A tentative 
budget has been prepared. In it has been included every possible 
economy which does not entail drastic damage to the publication. For 
the rest, the committee has resolved to ask subscribers to assume a por- 
tion of the burden. A preliminary survey encourages the Committee 
to believe that, in view of the existing situation, the majority of our 
readers will cheerfully accept the necessary adjustments. 

Accordingly, beginning July first, subscriptions and renewals will be 
accepted at the domestic rate of three dollars per annum. Student club 
rates and premium offers of all kinds will be discontinued. 

It is the intention to maintain the JOURNAL at twelve numbers per 
year and at approximately its present size. The execution of this in- 
tention is of course conditional upon the hope that income from sub- 
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scriptions and advertising will not decrease disastrously. Absolute 
guarantees of any kind are precluded by the dominant fact that the 


budget must be balanced. 
Cw, 


ee SPITE of the facts that chemical industry has held its own relatively 
well during the present economic depression and that chemists as a 
class have been more fortunate in retaining employment than have pro- 
fessional workers in many other fields, there is a 
serious and, it is to be feared, growing unemploy- 
ment problem among chemists, particularly in the 
larger industrial centers. Nothing is to be gained by attempting to 
suppress or ignore the facts. An honest facing of the situation and a 
concerted and determined effort to alleviate distress among the less fortu- 
nate are imperative. 

Already constructive plans are actually operating in various quarters 
and further relief projects are being organized. Ina recent letter to this 
office Professor Ralph H. McKee of Columbia University outlines one 
phase of the relief campaign which should be widely applicable and which 
will, we hope, meet with whole-hearted coédperation wherever conditions 
make it at all feasible. Since we can scarcely improve upon Professor 
McKee’s exposition, we quote his letter here almost in full: 


The Unemployed 
Chemist 


There is arising here in New York a movement which I think is likely 
to be of considerable interest in connection with unemployment of 
chemists and chemical engineers not only around New York but also 
throughout the country as a whole. In the thought that you would 
like to have your attention directed to this in its early stages I am 
writing you this letter. 

In this section at least, the number of unemployed chemists and 
chemical engineers is distinctly on the increase. I know that in other 
places the situation is also troublesome. For example, in Milwaukee 
where at about Christmas time they were having no trouble taking 
care of the unemployed men in this field, they are now worried with 
about 300 more unemployed than they know what to do with. 

On Monday a number of us who are connected with educational 
institutions, some from the industries, and representatives of com- 
mittees on unemployment met with the idea of seeing what could be 
done by university organizations toward giving these men facilities for 
carrying on work. The consensus of opinion was that if the men 
could be provided with money to take care of their living expenses, 
say, $15.00 or $20.00 a week, each of the educational institutions might 
take on a few men, say, each three to twenty men, and give them 
laboratory facilities and possibly also take care of laboratory expenses. 
These men would work on research problems under the direction of 
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men experienced in research work. It was thought also that in the 
fall these men might be given permission to attend classes without 
payment of tuition. 

Such an arrangement would, of course, be a temporary one, but it 
was felt that it would serve several purposes, such as: 


1. To take care of the absolute need for some income for a con- 
siderable number of men (and women); 

2. It would tend to keep up their morale by giving them something 
to do and they would not feel that they were on charity; 

3. The man would be a better trained man after such an experience 
than he was at the beginning inasmuch as he would be refreshed by his 
university contact; 

4. Such an arrangement would permit the carrying out of many 
minor problems of research, particularly so-called fundamental re- 
search, which are often awaiting a man to work on them though they 
have been in the mind of the university man for some time; 

5. During the summer there is abundant space but during the rest 
of the year it is a question whether there is, in many institutions, 
adequate laboratory space. However, the feeling is that the depres- 
sion has lasted so long that there will not be the excess student group 
which a short depression ordinarily pushes into university circles. In 
other words, there may be more laboratory space available next fall 
than there was during the present year; 

6. The expenses for research of one man as far as supplies, gas and 
water are concerned are, according to my experience, about $1.50 a 
day, say, $8.00 a week. In some cases the university professor is 
enough interested in the research to be willing to pay this expense. 
In other cases the university is enough interested in having the research 
going forward in its laboratories to stand for this expense. In still 
other cases it might be necessary to provide the money from other 
sources to cover this expense. 


Undoubtedly it is true that most institutions have suffered great de- 
creases in income and many find their space already crowded. Never- 
theless, it seems a proper question whether it would not at this time be 
desirable to attempt certain readjustments, if necessary, to the end that 
distress might be relieved among trained and experienced chemists 
rather than that the situation be aggravated by pouring a fresh contin- 
gent of graduates into the army of the unemployed. 
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STUDIES IN THE MINERAL AND CHEMICAL RESOURCES OF 
THE MOJAVE DESERT. I 


PaRK Lovejoy TURRILL, GLENDALE JUNIOR COLLEGE, GLENDALE, CALIFORNIA 











Amazingly large quantities of chemicals are deposited in Southern California 
and Nevada. These masses are subject to further exploitation by capital, to 
extract therefrom substances useful tomankind. New discoveries are constantly 
being made. Such a variety of chemical and mineral wealth is displayed 
that the author chooses to christen the region ‘‘America’s Chemical Storehouse.”’ 









Regional Boundaries 






In the region, in Southern California, roughly bounded by the 34th and 
37th parallels, and the 115th and 118th meridians, Nature has deposited 
through the ages a collossal mass of chemicals, of interest to the chemical 
profession, whether engaged in educational pursuits or industry. These 
great deposits, constituting as they do an economic asset—a portion ‘ 
of our “immense natural resources’’—are located principally in San 
Bernardino, Kern, and Inyo Counties, California, and partly in Nye, and 
Clark Counties, Nevada. The approximate geographical center of this i 
chemical storehouse is 175 miles northeast (airline) from Los Angeles, an 
easy day’s run from Glendale by automobile, over paved and excellent 
“desert road,’’ consisting principally of decomposed granite. 











Popular Concepts 





The popular conception of Death Valley and its environs, of which we will 
speak later, is that its sole chemical piéce de résistance is borax. This is no 
doubt due to the publicity given the region by the late F. M. “Borax” 
Smith and his picturesque twenty-mule-team wagons, as familiar to the 
average housewife as her pots and pans (1). 










Borax 





Fifty years ago Death Valley lost its lead as the chief producer of borax, 
with the discovery in 1882 of colemanite (Ca2BsO011:5H.O, hydrous calcium 

borate) on the steep slopes of the Funeral Range, which forms, along with 

the Black Mountains, the eastern wall of this justly famous pit. More 

recently, with the discovery of a considerable quantity of kernite, or 

rasorite, seven miles northwest of Kramer, on the Mojave-Barstow road (see : 
map, page 1320), the colemanite deposit at Ryan has been abandoned, and 
another ghost town has been added to the long list of the dead cities of the 
desert. Rasorite was accidentally discovered by John K. Sukow, a 
physician of Los Angeles, while drilling for water on his ranch in 1913. 
The deposit is buried under surface detritus of sand and gravel, in open 
country, with nearest outcroppings of rock a mile away. ‘‘Rasorite,” 
so named in honor of the chief-mining engineer of the Pacific Coast Borax 
1319 
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Company, pioneers in the development of the deposit, is almost pure tetra- 
hydrate of sodium tetraborate, and is one of the most remarkable minerals 
ever discovered. It occurs in huge masses, some of which are four to five 
feet long and a foot thick, embedded in the mother rock. A single 
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recrystallization and filtration is sufficient to recover commercial borax. 
The deposit of rasorite, associated with ulexite and colemanite, is several 
hundred feet thick, and begins at a point a few feet below ‘‘grass roots,” to 
use a colloquial mining expression. It covers an area approximately two 
miles long by a quarter to a half mile wide. Its origin, from a geological 
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Frasher's Photos, Pomona, Calif. 


THE NortH ENp OF DEATH VALLEY 
Long alluvial fans stretch out from the barren hills. Cloudbursts of infrequent 
appearance but terrific intensity wash out great masses of rocks and debris from 


steep canyons. 


viewpoint, is likewise unknown. It may be the sub-bed of an ancient lake 
long since covered over by surface detritus from desert cloudbursts, but 
this viewpoint has not been passed on by competent geologists. The 
limits of the deposit are only determinable by extensive underground 
exploration. The mineral masses are not distributed uniformly, but vary 
greatly with the nature of the faulting of the mother rock. The bottom of 
the present workings is over 300 feet. The borate minerals occur in clay 
shales of the tertiary age which have been tilted, faulted, and afterward 
deeply eroded. According to L. F. Noble of the United States Geological 
Survey, the borates were probably deposited as ulexite, and afterward 
altered to colemanite through lime-bearing surface or ground waters creep- 


ing in [(2), pp. 45-61], (3). 
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Courtesy Pacific Coast Borax Company 


THE LATEst HoME OF TWENTY-MULE-TEAM Borax 


This popular home-brand of borax, familiar to every housewife, found its genesis 
in Teele’s Marsh, Nevada. From there its headquarters moved to the Old Harmony 
Borax Mill and the Old Eagle Borax Mill in the heart of Death Valley. Thence with 
the discovery of colemanite on the steep slopes of Mesa Negro in the Funeral Mountains 
the origin of borax shifted to Ryan. Now it is produced from rasorite in this modern, 
scientifically designed plant, located seven miles northwest of Kramer, on the Mojave- 
Barstow road. Kramer is the division junction for the branch line of the Santa Fe 
Railroad that runs north to Johannesburg, in the heart of the Rand Mining District. 


A World Producer 


This kernite deposit is now being exploited by the Pacific Coast Borax 
Company. This company is doing its share toward contributing to the 
grand total of borax shipped from this region, for over 91% of the world’s 
present supply of borax, boric acid, and other boron compounds come 
from this one storehouse, peculiarly rich in the compounds of this metal. 
The American Potash and Chemical Corporation alone, extracting borax 
from the concentrated brines of Searles Lake, furnishes approximately 
46% of the world’s market of borax (4). 

Borax was first discovered in Searles Lake in 1863 by J. W. Searles, and 
was first developed commercially about ten years later. In 1882 
colemanite was discovered in the Calico Mountains north and east of 
Barstow, and was extensively mined. It was shipped at Barstow and 
Daggett, and the ruins of the old mills bear mute testimony to the extent 
of the workings [(5), pp. 35-9]. 

The mineral, colemanite, has been exploited in many other parts of the 
region, another large deposit having been uncovered near Shoshone some 
ten years ago (6). The deposit was discovered by a prospector looking for 
“fuller’s earth” or “Bentonite,” and although only a small outcropping 
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Stephen H. Willard, Palm Springs, Calif. 
TWENTY-MULE-TEAM Borax WAGONS AT FURNACE CREEK RANCH, DEATH VALLEY 


These interesting relics, the ‘‘largest, most capacious, and most economical ever 
built,’”’ were drawn in pairs by twenty mules, handled by one driver with a single 
120-foot jerk line and generous amounts of profanity. The largest types were 16 
feet long, 4 feet wide, and 6 feet deep. The diameters of the front and back wheels 
were 7 and 5 feet, respectively, with tires 8 inches wide and 1 inch thick of solid 
steel. These giant wagons were replaced by a narrow-gage railroad, for the 
hauling of colemanite out of Ryan in the Funeral Mountains. The narrow-gage 
railroad has now been torn up for use elsewhere, so borax is being transported by 
modern methods, 7. e., motor truck and standard-gage box car. 


was at first noted, shaft developments disclosed an ore body averaging 
twenty to thirty feet in thickness and covering an unknown area in extent. 
This deposit like the Ryan mine was worked by the Pacific Coast Borax 
Company for some time, until the discovery of the kernite layers near 
Kramer. According to Mr. Rasor, of this company, the Shoshone cole- 
manite is the purest that is to be found in the whole desert region. 

Some years prior to this, borax deposits of the marsh or “‘playa’”’ type 
were likewise worked near Zabriskie and Shoshone, and may have consisted 
of a mixture of sodium tetraborate and ‘“‘ulexite’’ [sodium calcium borate, 
NaCaB;O9:8H20]. This deposition probably owes its origin to surface 
washings and extraction from the mountainous veins, the ulexite being 
formed by metathesis with sodium carbonate collected in the ancient lake 
beds. Similar incrustations of ulexite, or ‘‘cotton balls,” are found in other 
dry lake beds of the desert, indicative of colemanite veins in the surrounding 
mountains. The word “playa” is of Spanish origin, meaning “‘beach.”’ 
The ulexite depositions occur on the beaches of the dry lake beds, where 
they pile up in masses, recalling to mind the familiar laboratory ene 
non of crystal “‘creeping.’ 

Borax is one of the oldest of chemicals, known to the ancients and used by 
Nero and his slaves. It originally came from a string of alkaline lakes in 
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the plains of Tibet in western China, and was hauled across the Himalayas 
on the backs of men and animals. It was first discovered in California, in 
1856, not in the region herein described, but near Red Bluff. A quarter ofa 
century later a poverty-stricken prospector at Ash Meadows, Nevada, 
discovered that some chemicals he had found on the ‘‘beach’’ of a dry lake 
burned with a green-tipped flame when alcohol was poured on them and 
set afire. 
A “Borax Rush” 


Immediately there was a stampede for these same chemicals, or ‘‘cotton 
balls,’’ which were later found on analysis to be the ulexite previously 
mentioned. The subsequent rush for claims rivaled the hectic days of 1849, 
and once again the desert took its toll in men and capital. New discoveries 
were announced, and soon refineries were operating in the heart of Death 
Valley, sponsored by F. M. “Borax’’ Smith. One of these, the Harmony 
Borax Mill, was located two miles north of the present Furnace Creek 
Ranch; the other, the Eagle’s Borax Works, at Bennett’s Wells, twenty- 
four miles to the south. It was here that William Manly and his comrade, 
John Rogers, rescued the men, women, and children of the 49 Bennett- 
Arcane party, after they had been twenty-six days on starvation rations. 
For historical aspects of the Mojave Desert Region, which for obvious 
reasons cannot be taken up here, the reader is referred to various histories 
of California, and particularly ‘‘Death Valley in ’49,’’ by William Manly, 
The Pacific Tree and Vine Company, San Jose, California, 1894 (recently 
republished by a Pasadena firm). 

The subsequent discovery of colemanite veins in the Calico Mountains 
north of Barstow and in Mesa Negro of the Black Mountains caused the 
abandonment of the two Death Valley mills. It is rather interesting to note 
that samples of partially purified borax can still be obtained, a half a 
century later, from mounds outside these mills. Desert rainfall, which, ac- 
cording to Colonel H. B. Hershey, Weather Bureau observer at Los Angeles, 
averages 1.19 inches per year for the last decade in Death Valley, has not 
appreciably washed down the old borax dumps, nor leached out the 
water-soluble constituents. 

The colemanite mines at Barstow and Daggett also gave way before the 
richer deposits found in Mesa Negro in the Black Mountains, and the latter 
were subsequently abandoned when the kernite, or rasorite, masses were 
uncovered at Kramer. Ryan has now been added, at least temporarily, 
to the long list of ‘ghost cities’’ of the desert. 

Borax and boric acid contribute largely to the ever-increasing tonnage of 
chemicals exported from the Los Angeles harbor. Thousands of tons of 
boric acid alone are shipped every year to foreign ports. It is reported 
that only small amounts of the compounds of boron are produced in other 
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TELESCOPE PEAK IN THE PANAMINT MOUNTAINS AND 
Gypsum, associated with alluvial 


countries, some in Chili and Asia Minor, and a few hundred tons a year in 
Czechoslovakia. 


Nitrates 


Nitrates are found in many of the saline desert playas or lakes, and due to 
the tremendous uses of nitrogen-bearing compounds during the Great War, 
search was greatly stimulated for possible raw materials for the manu- 
facture of nitric acid. The United States Geological Survey conducted 
extensive investigations of nitrate deposits during 1917 and 1918, and al- 
though nitrates were found to be widely disseminated, no commercial 
production has been noted of this date. Extensive playa depositions 
around ancient lake beds, presumably of Pleistocene age, are located in the 
Middle Amargosa Drainage Basin, and have been actively prospected in an 
effort to locate a supply which would make the United States independent 
of either German or Chili saltpeter (7). 

Confidence Hills, near the Old Confidence Mill in the southern end of 
Death Valley, consist principally of playa or lake beds of clay interspersed 
with depositions of nitrates. The hills are about ten miles long and one 
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Frasher’s Photos, Pomona, Calif. 
GOLDEN CANYON IN DEATH VALLEY FROM ZABRISKIE POINT 
clay beds, in the foreground. 





mile wide. Clay beds containing nitrates are also found in the Saratoga 
Hills, somewhat farther south, near Saratoga Springs. 


Fishing in Desert Waters 


These springs are of interest, since they seep into several nearly fresh- 
water lakes, surrounded by salt grass and tule, or ‘Indian sugar cane.” 
The ‘‘lakes,”’ which in this case really contain water, which is only slightly 
alkaline and tart to the taste, support several schools of a small blue fish, 
which the late David Starr Jordan of Stanford University, one of the 
world’s foremost ichthyologists, classified as indigenous to this territory, 
and to be found nowhere else in the whole world. Prospectors catch these 
fish and eat them, and miners for miles in all directions congregate here 
during the duck hunting season. Such is the strangest anomaly of this 
parched, burned-up region. These springs occupied an important part in 
the life of the nomadic Indian who lived here prior to the coming of the 
white man, for picture writings have been found on the rocky face of the 
hill a few hundred feet to the southeast. An analysis of these waters is 
recorded herewith, since it gives an idea of the highly mineralized nature of 
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a typical desert ground water. Analyst: A. A. Chambers, U. S. Geological 
Survey. Sample taken September 8, 1917 [(5) pp. 586-8]. 


Parts per Million 


SOE TOM ss Citi vere. eRe eK Ce ee eee 70 
INE CS ENS ta eg Ne OT Og SOE SET Pk So 0.17 
RRMA CAO ad ear ahs oe iccaisipie uk tise vs Cae ee 31 

Ne eto a 0. 1g Sa aRenA ty RR ory ha ee SAR ey eae SE 36 
Sodium and potassium (Na + K) (calculated)...... 994 
Carionate cade OOs) occ se oles ca eas oe 22 
Bicarbonate tadmalr(HCOy) so ee oo oe ts 410 
AINGRE SOOM acon 808 she orc eves Cenc ees 1039 

SOs rife Sie ts lt 1s (OP: baa et Re neg Ae aera em 657 
PUIEe TRCUIE NC) nook kc Chic he odo ae bi oeaen 1 Bee 
Fotal dissolved solids at 180°C...............2000> 3098 
Total hardness as CaCO; (calculated).............. 225 
Temperature of water.................. Pa eR 82-83 °F. 


Strontium Compounds 


Between Cave Springs Wash and Sheep Creek, in the district known as 
the Salt Basin, are large beds containing salt, gypsum, and celestite, a 
strontium sulfate ore, 90% pure. Deposits of celestite near Ludlow 
were mined during the war, when the demand for strontium compounds 
for the making of red flares was high. Strontium ores are also found 
in commercial quantities about ten miles north of Barstow, at the extreme 
west end of a large valley that enters the Lower Mojave Valley north of 
Daggett. These deposits, two miles long, lie in greenish clay beds of 
the Tertiary age (7). 

In the northeast margin of the Avawatz Mountains in San Bernardino 
County lie 5200 acres of a deposit of celestite, 90% pure strontium sulfate, 
SrSO,, associated with gypsum, salt, and other commercially important 
chemicals (8). 

The strontianite is 87% pure strontium carbonate, the remainder 
consisting of limestone and silica. It occurs in compact masses of thin 
fibers or needles. The mineral is valuable since it is easily soluble in hydro- 
chloric acid or other mineral acids, and since it contains a greater percentage 
of strontium than the celestite that comes from England. Strontium 
carbonate, the chief constituent of strontianite, contains 59.36% Sr, where- 
as strontium sulfate, the principal compound found in celestite, contains 
only 47.7% strontium. 

Strontium hydroxide, Sr(OH)2, is used extensively in beet-sugar plants. 
A hot concentrated solution of Sr(OH),2 is added to beet-sugar molasses, 
whereupon, on cooling, crystals of the difficultly soluble mono- or di- 
strontium sucrate are deposited. Upon decomposition of these crystals 
with COs, the sucrose or beet sugar is set free. Strontium compounds are 
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also extensively used in red signal lights for railroads, and in fireworks 
(9), (15). 
Potash 


This subject has been adequately covered by Dr. George R. Mansfield 
in a previous contribution to the JouRNAL OF CHEMICAL EpucaTION (10), 
as it particularly applies to this region, so will not be discussed here in detail. 

Suffice it to say that the production of potassium chloride from one 
political subdivision alone, part of this area, 7. e., San Bernardino County, 
California, from 1917 to 1925, amounted to over $8,440,000. The annual 
production of other commercially important metals and non-metals from 
this county is given as follows: 


1894-1925 

Coico tai irta Bice tard dao pan net ec Meme totes a $ 7,034,797 
ee Ra ay ABO eee rs SMe PRM a a 13,718,093 
RE Oe os fn che ae Fs ana area on aieete 2,615,487 
Pe ro Ps Siaed Big acoe ee awed Meee Owe ee 392,769 
ee OT Ed Sc iaaek & coe EE ek bes 103,895 
PU ene a! beach: wieid 6 ple Ok SORE R e 9,121,573 
WOM ee ak shew 0c cUlgigiacd Wo Oat Settee eens 10,609,305 
os og S a aicias Gare Sinin hee. oe LD Le ea 8,441,586 
PARR Sooo seep GAR Seas vil oA cae sak hae ae Oe INES 508,557 
IRNEER ss oe as 8 pit CCR A RHO Oe ae 490,166 
SPINES og ook CR a Te HER Re OER Oe ea 44,977,584 
Tiaeee thes LES UONN Sok ES Se ale SV eS 2,556,507 
Granite and Other Stones................-205- 5,534,951 
PR SRE ic ee Oe fe TRE Pa eM Pao he 15 5 130,120 
DASICGUAHOOE S65 55255 Ue hac bee ss beReeeenws 14,895,215 

UODANS sk cincdin bikin chee eee Dea Cae ae $121,130,505 


The development of zinc, tungsten, and potash dates with the beginning 
of the Great War; other production started earlier than 1894, for which 
figures are not available. The progress made by man in wresting commer- 
cially valuable chemical substances from the Mojave Desert has gone on 
apace since 1925, adding many more millions to the grand total given 
above [(5), p. 26]. 

Up to a short time ago the American Potash and Chemical Corporation’s 
plant on Searles Lake was producing approximately 15% of all the potash 
used in the United States, and as a grown-up, fully matured ‘‘war baby,”’ 
bids fair to help make us independent of foreign supply. This modern 
scientifically designed plant on the shores of Searles Lake is a triumph of 
chemical engineering research. The process for the extraction of borax 
and potassium chloride from the complex brines as deposited by Nature is 
more or less ‘‘unexplainable”’ as one of their chemists put it to the writer. 
His chief pleasure was to be found in the fact that it ‘‘actually works” under 
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George K. Hollister, Jr., Warner Bros.-First National Studios 
PART OF THE HUGE PLANT AT TRONA; SEARLES LAKE IN THE DISTANCE 


This modern, chemically designed and controlled manufacturing establishment 
is a triumph of pure scientific research. It was planned, built, and rebuilt by chem- 
ists, and every detail of its complicated processes is under the continual care and 
control of the men of the test tubes. All new employees of the company must have 
had ground work in the fundamentals of chemistry in order to gain admittance 
to the plant. Here we find practical chemical education in vivo. 


operating conditions, and that his organization was successfully marketing 
high-quality borax and potash, 46% of the world’s supply of the former and 
15% of the United States output of the latter. An excellent staff of 
professional chemists is to be found at the plant, educated in various 
universities and colleges of America. A thoroughly planned, modern 
town has been built by the company at Trona, where the plant is located, 
with modern school facilities, stores, theater, church, hospital, and bunga- 
lows all in the midst of a sun-baked desert. The men work through the sum- 
mer heat, fortified by a modern soda fountain and electrical refrigeration (4). 


Searles Lake 


Potash and borax are not the only boasts of Searles Lake. Conclusions 
on the geological features of this portion of the Great Basin, as drawn by 
Mr. Hoyt S. Gale of the United States Geological Survey, are well defended. 
The Owen’s River, leaching out chemicals from the Sierra Nevada Moun- 
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tains, emptied these substances into Owen’s Lake, the deposition of immense 
quantities of chemicals taking approximately 10,000 years, according to 
more or less accurate calculations. 

Prior to this, abundant drainage from the Sierra Nevadas (fed by glaciers 
long since melted away and only vestiges of which remain) caused Owen’s 
Lake to overflow. The excess waters pierced the canyon walls near the 
present site of the Haiwee Dam and Reservoir of the Los Angeles Municipal 
water system, thence flowing through Little Lake, and filled the entire 
96,500 acres of the Indian Wells Valley to a depth of approximately 100 
feet. This lake acted as a settling basin in which the sand, silt, and organic 
material washed down from the mountains were deposited, so that only 
the clarified waters passed on into the Searles Basin, down through Salt 
Wells Canyon. This accounts for the remarkable freedom from organic 
impurities of the Searles Lake chemicals. 

Searles Lake, at its greatest depth, having an area of 384 square miles, 
overflowed into the Panamint Basin, and though the physiographic record 
is not complete, evidence points to Panamint waters eventually finding their 
way down into the great sump hole of Death Valley, hundreds of feet below 
sea level. Hence, according to Mr. Hoyt’s theory, Death Valley became 
not only the final resting basin for the waters of the entire southeastern 
drainage system of the Sierra Nevadas, but also that of the Amargosa 
River, the longest (at present) ‘‘dry’’ river in the world. Each of the 
intermediate basins in turn, Death Valley first as the final sump, then 
Panamint Valley, then Searles, then Indian Wells, and Owen’s successively 
dried up as the glacial waters diminished in volume, leaving huge masses of 
crystalline deposits in the lake beds. Ancient shore lines of the lakes far up 
the mountainsides tell of the glory that was once theirs. 

Thus for the past hundred centuries, during the rise and fall of the 
Babylonian Empire, long before the big trees of California’s National 
Parks were in the nursery stage, Nature was storing up for civilizations 
yet to come nearly 250,000,000 tons of chemicals—salt, soda, borax, potash, 
and many others—in the Owen’s Lake deposition, and over 200,000,000 
tons in Searles Lake. This was accomplished by the Owen’s River at the 
modest rate of 25,000 tons per year. 

At the present time water flows in the dry river beds only after cloud- 
bursts, washing down detritus from the mountain sides and creating long 
alluvial fans, sometimes stretching out into the lake beds. Infrequent 
rain waters in the Amargosa River are highly impregnated with chemicals, 
of a saline and bitter taste. Drinking of this water by the emigrants 
is mentioned in Manly’s book and, although charged with Glauber’s 
salt, soda, and other chemicals, sufficed to dampen parched throats. 
Years later it was given the Indian name ‘‘Amargosa,’’ meaning “‘bitter 
waters.”’ 
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Searles Lake, and other lakes mentioned, are not bodies of crystal-clear 
water. Desert nomenclature usually prefixes the word ‘‘dry’’ before the 
name. The bed of Searles Lake at present, or what is left of the former body 
of water, is twelve miles long, averages five miles in width, and is filled with 
a saturated solution of borax, potash, baking soda and washing soda, salt, 
Glauber’s salt, and other chemicals, the whole solution, approximately 
sixty-nine feet in depth in the center, entrapped by a hard spongy mass of 
“Trona”’ crystals. These crystals are a complex hydrate of sodium carbon- 
ate and sodium bicarbonate. At the surface is a compact layer of crystals, 
mostly sodium chloride, about four inches in thickness. This surface 
layer presents a dazzling array of snowy brilliancy in the desert sunlight, 
spreading away in all directions throughout the entire sixty square miles of 
its area (10). 

An automobile may be driven over it in safety; airplanes use it as a 
gigantic landing field; small buildings have been built employing the 
crystal mass as a foundation, and even the mono-railroad bed crosses the 
lower end of the lake on the serpentine route to the Epsom salt beds in 
lower Death Valley. 

The Searles Lake deposit, and Owen’s Lake farther west, are unique in 
this country in the variety of saline chemicals they contain, and in being 
the only places in the United States where soda is produced directly from a 
natural deposit. The potash in this desiccated lake bed has been estimated 
by the Department of the Interior to lie between 4,000,000 and 10,000,000 
tons, which at the present rate of marketing would not be exhausted for 
over a century. The remaining chemicals, soda, borax, Glauber’s salts, 
and others, approximate 200,000,000 tons. 

The ancient lake at one time had a surface level of 640 feet above the 
present town of Trona. At this level the waters extended westward to the 
Indian Wells Valley, and overflowed into Pilot Knob Valley. 


Magnesium Compounds 


Crude magnesium carbonate (technical grade) is used extensively as 
insulating material for furnaces and steam pipes and as a filler for paint, 
rubber, paper, and other products of commerce. A more pure grade is 
used in medicine, for face powders, in metal and glass polishes, and in tooth 
pastes as an acid-neutralizing agent. 

Technical Epsom salt (MgSO,°7H20), the heptahydrate of magnesium 
sulfate, is used for sizing textiles and for weighting silks, leather, and paper. 
The more pure grade (United States Pharmacopeeia) is used in medicine. 
A solution is used in the manufacture of rayon by the viscose process. 

Magnesium compounds have other extensive uses as for plaster, for 
stucco, and for the lining of open-hearth furnaces. 
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Courtesy American Magnesium Company 
MAGNESIUM SULFATE IN ITs DESERT SETTING 


The thin protecting layer of mud can be clearly seen in this snapshot. The writer 
sank to his knees in this mound while trying to climb it. The bushes in the foreground 
range from two to five feet in height. It is extremely interesting to note that 1250 
pounds of these dehydrated crystals produce over a ton of U. S. P. grade Epsom salt 
for the drug markets, through the absorption of water in the process of crystallization. 
In buying ten pounds of Epsom salt, the unknowing consumer is purchasing five pounds 
va water, which could be obtained more conveniently and cheaply from his kitchen 
aucet. 


A deposit of anhydrous magnesium sulfate is to be found in Wingate 
Pass, a long, narrow valley and plateau extending from the lower end of 
Panamint Valley to the southern end of Death Valley. According to 
engineers’ estimates, there lie above the ground approximately 1,000,000 
tons of this compound, heaped up in huge mounds and interspersed with an 
alluvial clay. The dehydrated Epsom salt (for the deposit was probably 
originally the heptahydrate, and through geological eons gradually lost 
most of its water of crystallization as the district lost its humidity and 
became a burning desert) is unique in its exceptional purity. Magnesium 
is rarely found as the sulfate in such remarkable purity as that of the Death 
Valley salt. In the Stassfurt deposits in Germany, magnesium sulfate is 
found associated with a large number of other chemicals, chiefly chlorides 
and sulfates of the alkali metals. One recrystallization after filtration is 
sufficient for the purification of the Death Valley magnesium sulfate. 
Purification of the sulfate is not accomplished at the deposits; the crude 
salt is shipped to Wilmington at the Los Angeles harbor, where water, 
labor, electricity, and transportation facilities are abundant. 

The actual transportation of the sulfate was accomplished by a mono- 
railroad, unique in its design. .The road bed traversed the lower end of 
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Frasher’s Photos, Pomona, Calif. 
GoL_pEN CANYON, DEATH VALLEY 


The whitish mounds in the foreground consist principally of clay interspersed 
with large crystals of gypsum. Due to the highly saturated nature of the chemical- 
bearing soil, not a vestige of vegetation appears for miles at a stretch. The Pana- 
mint Mountains are in the background. 


Searles Lake, supported entirely by the crystal bed, although the engineer 
for the American Magnesium Company, exploiters of the deposit, told the 
writer that the road bed is gradually sinking into the crystal mass. Ample 
expansion joints were provided, since the temperature difference, winter 
and summer, is over 100 degrees Fahrenheit. Similar engineering problems 
were encountered in the construction of the pipe line out to the lake for 
the collection of brine for the American Potash and Chemical Corporation’s 
plant. This pipe was finally placed in sections 900 feet long, with proper 
allowances made at each end for expansion. It is heavily insulated to 
allow of a constant temperature, otherwise deposition of crystals from the 
saturated brine would occur in the pipe. 

During 1927 a huge deposit of ‘‘brucite’’ [magnesium hydrate, Mg(OH).] 
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was uncovered in Nye 
County, Nevada, 
about thirty miles 
north of Luning. En- 
gineering estimates on 
the total amount ex- 
posed run well over 
2,000,000 tons, let 
alone what is under 
cover. Tests made on 
this chemical show it 
to be sufficiently pure 
to enter into commer- 
cial production. 
Millions of tons of 
magnesium com- 
pounds occur in widely 
scattered portions of 
the basin. They occur 
chiefly as the carbon- 
ate (magnesite) in as- 
sociation with minor 
amounts of alkaline 
earth minerals (11). 
Huge magnesite de- 
posits occur near Bis- 
sell station on the 
Mojave-Kramer Sante 
Fe Railroad line. 
They run surprisingly 
low in total lime con- 
tent, and there is little 
association with ser- 
pentine minerals. The 
content of pure mag- 
nesium carbonate is 
very high. A large 
amount of magnesite 
has been shipped from 
this deposit, which is 
reported to be unique 
in being the only mag- 
nesite deposit of sedi- 


























Courtesy American Magnesium Company 
WHERE RAILROADING MEETS DESERT CONDITIONS 


Layton Canyon, in the Slate Range, was so narrow, a 
standard or even a narrow-gage railroad could not be 
built without excessive expense. Grades were too 
steep also. Engineers cleverly solved the problem of 
getting chemicals out of Wingate Pass in Death Valley 
by building a narrow, yet sturdy mono-rail. It really 
is a triple-rail design, for small guiding wheels run 
along planks on the sides, giving stability to the 
system. This quaint little engine was employed in 
hauling magnesium sulfate out to the standard gage 
line that runs from Searles Station to Trona. The 
engine is mounted on a double-flanged wheel, the 
center of gravity of the entire system continually 
falling within the two flanges. ‘“‘When it doesn’t, 
several tons of steel topple over into the canyon, the 
result being a half day’s hard work for my men to 
get the car back on the ‘trak’ again,” the foreman 
remarked to the writer. 


mentary origin in the United States (12). 
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Courtesy American Magnesium Company 
500,000 Tons oF IRON-FREE ALUMINUM SULFATE 


This deposit is also located in Wingate Pass, near the magnesium sulfate depositions. 
Just why Nature deemed it advisable to separate these three deposits, yet place them 
contiguous to each other, is not known. 1,000,000 tons of magnesium sulfate (surface 
workings alone), a half a million tons of aluminum sulfate (surface depositions alone), 
and 300,000 tons of anhydrite (calcium sulfate), all in a few thousand acres! It has 
been said that if a few of the chemical depositions of the Mojave Desert Basin were 
located in Germany, one couldn’t see the mass for the chemical plants that would 
be located around it! 


Within rifle shot distance of the immense beds of dehydrated Epsom salt 
in the Wingate Pass deposition, 500,000 tons of aluminum sulfate are to be 
found. This is valuable for the dye trade for mordanting purposes, since it 
contains no iron to be precipitated out in the textile as ferric hydroxide, 
later to dehydrate and form the familiar iron rust stains so aggravating 
to the average housewife. 

Within a short distance of the epsomite (magnesium sulfate) and aluminum 
sulfate beds, a large deposit of calcium sulfate, or anhydrite, is located. 
Engineering estimates place the total available anhydrite in this area at 
300,000 tons. Thus we find in one small area of a few thousand acres the 
sulfates of two metals closely allied in the periodic system, magnesium and 
calcium, and a very close cousin of these two, aluminum. And the re- 
markable fact of these chemical depositions is the purity of the respective 
chemicals which they contain. The geological history of these interesting 
mounds has not been deciphered, so far as the writer is aware. The only 
mention made of it in government geological bulletins is by David G. 
Thompson in his comprehensive survey of the water resources of the 
Mojave Desert Region [(6), pp. 591-3]. 
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The other members of the alkaline earth group in the periodic system are 
barium and radium. Barite, or barium sulfate, is associated with the 
strontium ores previously mentioned. Gypsum is found in a number of 
places in the Mojave Desert Region, but the only places that have pro- 
duced commercial quantities are those near railroads, or other mass trans- 
portation facilities. Barium is often found near calcium deposits. Barytes, 
or ““barite,”’ is shipped from a deposit about twelve miles north of Ludlow. 
It is reported that hundreds of tons of barite are shipped from this deposit 
yearly. Another large deposit occurs near Blair Junction, close to Tonopah, 
Nevada. It is not known to the writer whether this is being worked. 


Occurrence of Radium Compounds 


An old prospector by the name of Rodie lived in the Summit Diggings 
north of Randsburg. Morning and evening for thirty years he tossed the 
dishwater out of the back door of his shanty on a ledge of siskine green ore, 
until the hues changed to that of soap, borax and alkaline silicates, a huge 
deposit of which lay a stone’s throw distant. The rock was classified as 
worthless by old man Rodie, for it contained only a few dollars worth of 
gold and silver per ton. The chemist’s test tube showed it was more 
valuable, however, for it later was officially classified as carnotite, an oxide 
of vanadium and uranium. Naturally it contained a small quantity of 
radium, for all uranium ores contain radium. This deposit has not been 
worked commercially as yet. 

Vanadium is also reported in the Signal Mining District north of Goffs, 
and is probably associated with some uranium. Development work has 
been done on both of these properties, but so far as is known there has been 
no commercial production. Vanadates of lead, zinc, and copper are com- 
monly reported in the Basin. 


Lead, Zinc, Cadmium, and Mercury 


The production from San Bernardino County for the years 1915 to 1918, 
inclusive, according to the California State Mining Bureau, of zinc amounted 
to only $103,895. Although rather widely disseminated in the region the 
production has been relatively insignificant. Lead values from 1900 to 
1925 ran a little over $392,000. The zinc and lead are usually found as- 
sociated with silver, in galena type ores. 

Lead carbonate is being shipped from the lower end of the Panamint 
Mountains on the Death Valley side. It is hauled by truck through the 
lower end of Death Valley, past Confidence Mill, Bradbury Wells, and 
shipped over the Tonopah and Tidewater Railroad at Shoshone. Nor- 
mally the production will run from eight to ten cars a month 
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The Yellow Pine Mining District 


Just over the line in Nevada, in the extreme southern portion of Clark 
County, lies the Yellow Pine Mining District, which has produced millions 
in gold, silver, copper, lead, and zinc. Official reports for this rich mineral- 
ized zone show the following yields from 1902 to 1929: (round figures) 
(13), (14). 


Ee 0 RRR erp ge Ae SCD MRE SIR a ia ee Sept a Tey yee $ 275,000 
wT SNE SRO SB al Aap 7 OE POG TAPS, EER EPR CKD 1,200,000 
| an ge ae RP SE REE GR PEA Dn hp is ny 700,000 
pT ere tang) ac AP tei a eel re SA SOMONE athens era 5,000,000 
BE oo 5 RII aR eA as 17,000,000 


The zinc, lead, and copper occur as phosphates, vanadates, and sulfates, the 
vanadates being particularly widespread. Mercury, platinum, iridium, 
and palladium are to be found in the district, and are being exploited. 
Antimony occurs as stibiconite (2SbO.,H,O). Manganese occurs as 
trivalent oxide, locally known as ‘‘wad’’ (Mn,03;-7H,O). Cobalt and 
nickel are also found disseminated in various parts of the district in small 
quantities. 


Other Mineralized Zones 


The Cerro Gordo Mining District is famous for the millions it has pro- 
duced for its owners. It was discovered in 1866 by Mexicans, and was 
worked by them until 1869, when Americans took it over. It has yielded 
extensive amounts of zinc carbonate, gold, silver, lead, and copper. The 
Cerro Gordo mine itself produced over $7,000,000 in silver and lead. It is 
located in the southern end of the Inyo Mountains, near Owen’s Lake. 
Transportation of the ore was accomplished by a tramway, several miles 
long, over a mountain pass several thousand feet above the loading station 
(16). So far as the writer is aware, the Mojave Desert Basin and contiguous 
territory possess, in greater or less abundance, every known chemical 
element in the periodic system. No doubt the same thing could be said 
of highly mineralized regions in other countries of the world. 
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AN INTRODUCTORY STORY OF BAKING POWDERS 


O. S. RASK 
THe JoHNs HopKINS UNIVERSITY, BALTIMORE, MARYLAND 


This paper outlines briefly the history and principles of leavening in general 
and of baking-powder leavening in particular. The commonly used baking- 
powder ingredients, their characteristics, and interactions are discussed. 
The formulation, keeping qualities, baking characteristics, and healthfulness 
of various types of powders are also considered. 


General and Historical 


A considerable amount of air and also a little carbon dioxide will in- 
variably be contained within a dough prepared in an ordinary manner from 
only flour and water. A portion of these gases is dissolved in the dough and 
the rest is held mechanically in the form of bubbles of various sizes. If such 
a dough is subjected to oven heat the entrapped bubbles will expand in 
accordance with the gas laws and the dissolved gases will gradually be 
thrown out of solution, after which they also will expand in a like manner. 
In this expansion the gases will obviously expand or leaven the surrounding 
or enclosed dough to a degree varying with its extensibility and gas- 
retaining capacity. Asa result, the dough will have a slightly porous and 
aérated structure by the time heat coagulation of its proteins transforms it 
into a baked product having the characteristic resilient structure. How- 
ever, the leavening action so produced is usually less than that popularly 
desired. In order to obtain additional leavening effects it is necessary to 
incorporate into the dough, along with its other ingredients, something 
which will function as a source of the necessary quantity of leavening gas. 
The practice of so doing, which is now a highly developed art, had its origin 
in the ancient so-called ‘‘sour-dough”’ and “‘salt-rising’’ methods of leaven- 
ing, which are essentially the same. 

In the sour-dough method the leavening agent or source of leavening gas 
is a small portion of dough usually saved from a previous baking and 
allowed to turn sour by being kept in a warm place for a few days. In the 
salt-rising method the leavening agent is a small portion of slack dough 
prepared from flour, salt, and warm milk and then allowed to stand in a 
warm place for such time as may be necessary for it to ‘‘sour’’ properly. 

Although primitive man understood very well the practice of these 
methods he had no understanding of their principles. We now know that 
these doughs, as they sour, function as cultures of CO.-producing micro- 
organisms, among which are wild yeasts and bacteria of the Bacillus Welchi 
type. The quantity of microérganisms added in this manner is usually 
sufficient for generating within the dough such volumes of carbon dioxide 
as are necessary for a fairly satisfactory leavening prior to and during the 
earlier stages of its subsequent baking. 
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Both of these methods of leavening are empirical and unscientific. 
Like all other methods of this type they yield uncertain and variable and 
therefore more or less unsatisfactory results. But out of them have been 
evolved the modern and scientific methods of leavening. 


Modern Methods of Leavening 


All modern methods of leavening are like the ancient ones in that carbon 
dioxide is the leavening gas. It seems to be the most suitable and the most 
readily available gas for leavening or aérating baked foods. All modern 
means of leavening are therefore processes for generating carbon dioxide 
within a dough prior to and during the earlier stages of its baking. These 
processes are of three general types which may be characterized as follows: 


1. Yeast action on fermentable carbohydrates, whereby CO, 
is generated, usually called ‘‘yeast leavening.” 

2. Decomposition by heat of substances yielding carbon dioxide 
as one of the decomposition products. 

3. Acid action on soda. 


The first type, viz., yeast leavening, is the most important process by 
which bread is leavened. It involves incorporation into the dough of a 
pure culture of a strain of yeast selected and developed especially for its 
CO,-producing capacity in bread doughs. Yeast leavening is therefore a 
direct outgrowth of salt-rising and sour-dough methods of leavening. 

The second type is of minor importance. The only known substances 
which will decompose to liberate carbon dioxide under baking conditions are 
ammonium bicarbonate and acetone dicarboxylic acid. The former, viz., 
NH,HCO;, is used to a limited extent in commercial bakeries and the latter 
has not as yet been developed beyond the experimental stage. 

The third type may be divided into two sub-divisions. In one, the 
carbon dioxide is generated by the action of acids contained in sour milk 
when it is incorporated into the dough along with the soda. In this article 
our interest is entirely in the other sub-class in which carbon dioxide is 
generated from a previously prepared dry mixture containing dry sodium 
bicarbonate and a dry, edible, solid, acid-reacting material. Such a dry 
and previously prepared mixture containing sodium bicarbonate and a 
solid, edible acid or acid-reacting material is known in the trade and to the 


consumer as baking powder. 


Baking Powder 


Baking powder is in all probability not a new subject to anybody. Most 
of us have known baking powders since childhood days when we regarded 
the kitchen and the pantry as especially profitable fields for investigations. 
As our intellectual horizons broadened most of us inevitably encountered 
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discussions and treatises on baking powders, since they occur in such varied 
fields as domestic science, baking technology, elementary chemistry, 
industrial chemistry, and trade wars. This extensive baking-powder 
literature includes both technical and popular discussions in which may be 
found almost any desired information on the subject. Another article may, 
therefore, seem superfluous. However, this article represents an attempt 
to collect and condense such baking-powder data as may be of special 
interest to students and teachers of chemistry. 


Definition 
The U.S. Department of Agriculture has ‘‘. ..as a guide for the officials 


of this department in enforcing the food and drug act...’’ defined baking 
powder as follows: 


Baking powder is the leavening agent produced by the mixing of 
an acid-reacting material and sodium bicarbonate, with or without 
starch or flour. 

It yields not less than 12 per cent. of available carbon dioxide. 

The acid-reacting materials in baking powder are: (1) tartaric acid 
or its acid salts, (2) acid salts of phosphoric acid, (3) compounds of alu- 
minum, or (4) any combination in substantial proportions of the fore- 
going. 


This definition is highly technical and is intended primarily to distinguish 
legal and illegal baking powders from one another. In its construction it 
conforms to the pattern of a technical regulatory system of federal govern- 
ment “‘food definitions and standards” of which it is a part and which is 
understood properly only by those familiar with the enforcement of food 
control laws. Chemists in general will probably find greater usefulness 
in a definition reading somewhat as follows: 


Baking powder is a leavening agent consisting essentially of a dry 
and reasonably stable mixture of powdered sodium bicarbonate and a 
chemically equivalent quantity of a suitable and powdered acid-re- 
acting material composed of one or more acids, acid salts, or acid- 
reacting salts, the mixture being diluted with dry starch so as to con- 
tain usually from 13 to 14 per cent. of ‘available’ carbon dioxide 
which will evolve as a gas in a baking dough. 


The acids and acid-reacting materials most commonly used in baking 
powders are the following: cream of tartar (KHC,H,O,), tartaric acid 
(H2C,H,O¢), mono-calcium phosphate or ‘‘phosphate’’ [Ca(H2PQ,)e], and 
sodium aluminum sulfate [Na,SO,Al.(SO,);], commonly designated in the 
trade as S. A. S. 


Phosphate Baking Powder.—Sometimes only one acid-reacting material 
is used in a baking powder, and such a powder is known to the trade as a 
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“straight’’ powder. Practically the only nationally advertised “‘straight”’ 
powder on the retail market is that made with calcium acid phosphate, 
known as ‘‘phosphate baking powder.” 

Tartrate Baking Powder.—A ‘“‘straight’”’ cream of tartar baking powder is 
manufactured by one or two wholesale houses. All nationally advertised 
powders containing cream of tartar also contain tartaric acid; and such 
powders are called tartrate powders, which name most clearly states the 
similar nature of the acid ingredients. 

Combination Baking Powder.—Another type of powder, containing both 
calcium acid phosphate and sodium aluminum sulfate, is known as combina- 
tion baking powder* or a ‘‘double acting’’ powder. This last type repre- 
sents a large proportion of the baking powder manufactured in the United 
States.** The name “combination powder’’ clearly calls attention to the 
union of ingredients of different nature and different action. 

The reactions which take place in a dough between these several acids 
and NaHCO; may be the following: 


KHC,H,O, + NaHCO; = KNaC,H.0, + H.0 + CO, (1) 
H:C,H,0¢ + 2NaHCO; = NazCyHyOg oa 2H20 + 2CO, (2) 
2Ca(HePO,)2 + 4NaHCO; = 2CaHPO, + 2Na,HPO, + 4H20 + 4CO, (3) 
3Ca(H2POx)2 fe 4NaHCO; => Ca;(PO,)2 + 4NaH2PO, + 4H,0 te 4CO, (4) 
8Ca(H2POs)2 + 8NaHCO; = Ca;(PO,)2 + 4Na,HPO, oo 8H,0 + 8CO, (5) 


Na,SO,Alo(SO,)s + 3H,0 + 6NaHCO; => 4Na,SO, a 2Al(OH); + 6H,O + 6CO, (6) 


The reaction between Ca(H2PO,)2 and NaHCO; is not understood fully. 
There are reasons for believing that these two sitbstances can react with one 
another in three different ways as indicated by the equations (3), (4), and 
(5). All three reactions may take place simultaneously to different degrees 
depending on conditions in the dough. 


Standardization 


It is logical to standardize baking powder on the basis of its content of 
“available’’ carbon dioxide since it is the active and, as yet, the only 
leavening principle known or recognized as useful in the product. Further- 
more, as a matter of convenience to the housewife, baking powder is 
standardized to a conventional and fairly constant strength so that a 
definite quantity of powder, such as a teaspoonful, will always represent a 
correspondingly definite activity. As specified in the definition, this 
strength is 13 to 14 per cent. available carbon dioxide. This particular value 
has been selected as a result of practical considerations which will be ex- 
plained in a succeeding section on baking-powder formulas. The govern- 
ment specification of ‘‘not less than 12 per cent. of available carbon dioxide”’ 


* See Classification, Circular No. 138, U. S. Dept. of Agr., Revised 1931, p. 5. 
**. Tbid.; p. 7. Z 
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" is the minimum limit tolerated in a legal product for interstate commerce, 
Baking-powder manufacturers invariably adjust their powders to a some- 
what higher concentration of available carbon dioxide, usually from around 
13.5 to around 14.5 per cent. which they designate as factory strengths, 
Such factory strengths allow for a loss of 1.5 to 2.5 per cent. of carbon dioxide 
as a result of deterioration which may take place between the time the pow- 
der is mixed and the time it is delivered to the ultimate consumer. This 
standardization is accomplished by dilution with starch as indicated in the 
above definition, and as explained further in the following section on 
formulas. 
Formulas 


The desired available carbon dioxide content of a baking powder is the 
starting point for calculating its formula, and determines the required 
sodium bicarbonate in accordance with the following proportion: 
Combining weight of CO, : Combining weight of NaHCO; 

:: Desired percentage of available CO, : Percentage of required NaHCO,, 
or 44 :841:: 14 : 26.73 
in case 14 per cent. is the required available carbon dioxide. 

Accordingly in making one hundred pounds of baking powder which will 
yield 14 per cent. of available carbon dioxide the manufacturer may be 
conceived of as starting with 26.73 pounds of NaHCO;. To this weight of 
NaHCO; he will add an equivalent weight of acid-reacting material, make 
up to a hundred pounds with starch, and mix. 

Combining weight of NaHCO; : Combining weight of acid 

:: 26.73 : Pounds of acid required in 100 pounds of baking powder, 

or 84 : 188 :: 26.73 : 59.8 

in case the acid used is cream of tartar of which the combining weight is 188. 

These two materials, viz., 26.73 pounds of NaHCO; and 59.8 pounds of 
cream of tartar, are made up to 100 pounds with dry starch and then mixed. 
Accordingly, the formula for a cream of tartar baking powder containing 14 
per cent. of available CO, will be: 


26.73% 
59.80% 
13.47% 


100.00 


According to similar calculations the formula for a tartaric acid powder 
containing 14 per cent. of CO, will be: 


and the formula for a S. A. S. powder containing 14 per cent. of CO, will be: 
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The theoretical formula for a monocalcium phosphate powder cannot be 
calculated with the same certainty as those for the other acid-reacting 
materials since there are three different ways in which Ca(H2PQO,), and 
NaHCO; react with one another, as indicated by equations (3), (4), and (5). 
A combination of these three equations will be 
4Ca(H2PO,)2 + 8NaHCO; = CaHPO, + Ca;(PO,)2 + 3Na2xHPO, + 2NaH2PO, + 

8CO, + 8H20 (7) 

This combined equation represents the reaction between Ca(H2PO,)2 
and NaHCO; only if reactions represented by equations (3), (4), and (5) 
take place to equal extents, which seems improbable. Some authorities 
believe that equation (5) represents most closely the reactions which take 
place. The two corresponding formulas for a monocalcium phosphate 
powder containing 14 per cent. of carbon dioxide will be: 


Combination 
equation (7) Equation (5) 


NaHCO; 26.73 26.73 
Ca(H2PO,)s 37.22 27.92 
Starch 36.05 45.35 

100.00 100.00 


As has already been stated, calcium acid phosphate powder is the only 
straight powder of any retail commercial significance at the present time. 
Nearly all of the others contain two acid ingredients, viz., cream of tartar 
and tartaric acid (tartrate baking powder) or calcium acid phosphate and 
sodium aluminum sulfate (combination baking powder). 

Combination powders of the cream of tartar-tartaric acid type are, or 
may be conceived of as, equivalent to the two straight cream of tartar and 
tartaric acid powders mixed in the desired proportions, although that is 
probably not the way they are actually prepared in any factory. The 
cream of tartar and the tartaric acid are more probably added in the desired 
ratio and in the required quantities to the same lot of soda and then mixed 
with the required amount of starch. There seems to be no simple rule or 
principle governing the ratio of cream of tartar to tartaric acid in the type 
of combination powder containing these two acids. Presumably, the 
ratio used in any particular powder has been selected as a result of con- 
siderations of several factors such as baking performance and keeping 
qualities of the resulting powder, and relative costs and efficiencies of the 
two acids. In some instances this ratio may be one which, by a process of 
trial and error, has been found to result in a powder conforming most closely 
to that which its manufacturer regards as ideal. 
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A different and more difficult problem arises in selecting the ratios of phos- 
phate to S. A. S. in that type of combination powder. The exact reactions 
in this type of combination powder are not known, but they are believed to 
be rather complex and probably also somewhat variable. It would there- 
fore be misleading to attempt to represent them by any chemical equations, 
Nevertheless, the following entirely hypothetical equation is interesting 
partly because it indicates possible reactions and partly because it indicates 
the ratio of phosphate to S. A. S. required in order that all of the aluminum 
may occur as insoluble AlPO, in the reaction residue. 

NazSO,Al(SO,)s + Ca(H2PO,)2 + 4NaHCO; = 2AIPO, + CaSO, + 3Na:SO, + 

4CO; + 4H,0 (8) 
According to this equation, the formula for a phosphate-S. A. S. combina- 
tion powder containing 14 per cent. of CO. would be as follows: 





NBER 5 ci AE SS oe ais Weed 26.73 
Rice Wik cy aw < ean nA 38.51 
Ca(H2PO,)2. eaves 18.64 
Nir | Ses pepe baad Shera ye 16.12 

100.00 


The end product, AlPQO,, suggests that S. A. S. has not functioned at all as 
an acid in equation (8) since the conversion of S. A. S. into AlPO, does not 
involve the release of any acidity. On the other hand, the acid capacity 
of Ca(H2PO,)2 has been doubled since its conversion into AlPO, has released 
all of its four hydrogens including its two tertiary hydrogens which are not 
released or displaced in the other and preceding reactions of Ca(H2PQ,), 
with NaHCO;. The reaction between the S. A. S. and the Ca(H2PO,)s is 
probably that represented by the following equation (9) which can be 
regarded as an intermediary step in the reaction represented by equation 
o Na2SQ,Al,(SO,4)s + Ca(H2PO,)2 = 2AIPO, + NazSO, + 2H2SO, (9) 
In this reaction S. A. S. causes a precipitation of the phosphate radical in 
the form of the tribasic phosphate, AlPO,, and thereby releases or displaces 
the two tertiary hydrogens of Ca(H2POx,)s, as well as its two secondary 
hydrogens, all in the form of 2H2SO, which then react with the soda. Ac- 
cordingly, in equation (9), S. A. S. functions as an acid only indirectly by 
doubling the neutralizing capacity of the Ca(H2PO,)e. 

It is interesting to consider and compare the ratios of soda to acid 
material in equations (5), (6), and (8). These are, respectively, 0.957, 
1.042, and 0.468. The lowest neutralizing capacity is therefore that of the 
equimolecular mixture of S. A. S. and Ca(H2PO,)2 when these react as a mix- 
ture according to equation (8). However, as has already been stated, equa- 
tion (8) is only hypothetical. The actual reactions are probably represented 
by some combination, as yet unknown, of equations (5), (6), and (8). It is, 
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therefore, impossible to derive by any calculations a practical formula for an 
S. A. S.-phosphate combination powder. Manufacturers of this type of 
powder probably use empirical formulas which have been developed by 
processes of trial and error. None of these are known with any exactness 
to the writer. However, Bailey (U. S. Dept. Agr. Circ., No. 138) gives the 
following formula for this type of combination powder: 





REGO eo ea uate to ey aaa 26.73 
Ca(H2POx,)> al vnt.¢ Hn Cae Olay a cece ae a 13.28 
CRUE Cee cone aa oe ca ee 19.92 
SAGOOING Gs esisih Pit tare etiaiesiene 40.07 

100.00 


In this formula the ratio of soda to the S. A. S.-phosphate mixture is 0.805 
which is not so low as that in equation (8) but nevertheless considerably 
lower than the average (0.9995) of those of equations (5) and (6). Ap- 
parently, therefore, S. A. S. and phosphate even though mixed react only to 
a partial extent according to equation (9) and to some appreciable extent 
as they would individually and separately according to equations (5) 
and (6). The soda-decomposing capacity of the S. A. S.-phosphate mixture 
is low to the extent to which it reacts according to equation (9) and con- 
versely its soda-decomposing capacity approaches the average of those in 
equations (5) and (6) to the extent to which S. A. S. and phosphate react 
individually according to equations (6) and (5), respectively, when mixed 
with one another. Since S. A. S. and phosphate do in all probability react 
to some extent according to equation (9) it may be assumed that they are 
not so well utilized in a mixture as when used separately. However, the 
lower utilization of the mixture is compensated by the better performance 
of the combination, at least according to the judgments of the manu- 
facturers and consumers of this type of powder. Otherwise this type of 
powder would not exist as a commercial commodity. The advantages of 
the S. A. S.-phosphate type of combination powder will be discussed in a 
following section. 

All of the foregoing formulas are theoretical and, excepting (8), are 
practical to the extent that baking powders made according to them are 
quite satisfactory. Furthermore, some of them may have been the original 
formulas used by the industry during the earlier stages of its development, 
but they are probably not the exact formulas used at the present time. 
Every baking-powder manufacturing organization now appears to have its 
own practical factory formula which is usually a trade secret. However, it 
seems safe to assume that factory formulas can only be slight modifications 
of theoretical formulas. Probably the most common and important but 
not necessarily the only difference between factory and theoretical formulas 
is that indicated by the presence-of a slight excess of soda in most com- 
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mercial brands of baking powder. Accordingly, factory formulas call for a 
slight excess of soda over and above the stoichiometric quantity specified 
in the theoretical formulas. 

Factory formulas are the results of commendable and more or less 
successful efforts on the part of manufacturers to increase the usefulness of 
their products. In the past these efforts have consisted mainly of experi- 
ments of the trial-and-error type by which only empirical results are possi- 
ble. Present-day factory formulas are therefore empirical to the extent to 
which they are the results of such experimentation. However, in recent 
years many baking-powder manufacturers, if not all, have adopted more 
scientific methods of research as a means of improving and making more 
scientific, and therefore less empirical, their processes and products. As yet 
very little is known on the outside concerning the details of this research or 
of any of its results because this research, like that of most other commercial 
organizations, does not find its way into the literature as quickly as that 
conducted by educational, governmental, and the more strictly research 
institutions. f 

Baking-Powder Constituents 


Since baking powder is a physical mixture its properties and character- 
istics are essentially those of its constituents. Brief descriptions of these 
will therefore probably portray best the different types of baking powder 
The acid constituents seem most logical to begin with because thev are 
responsible for the different types of baking powder, the other constituents, 
viz., starch and soda, being common to all. The more significant character- 
istics of the baking-powder acids are listed and evaluated in Table I, and 
discussed further in following sections. 


TABLE I 
Significant Properties of Baking-Powder Acids 
Ratio of Acid Rate of Relative 

Toxicity to Soda Action Stability Cost 
Tartaric acid, None 0.893:1 Very rapid at Moderately High 
H2C,H,O¢ demonstrable room temperature stable 
S. A.S., None 0.96:1 Very slow at Very stable Low 
Na2SO,Al,(SO,)2 +demonstrable room temperature, 


rapid at tempera- 
ture above 125°F. 


Monocalcium None 1.26:1 Fairly rapid at Moderately Moderate 
phosphate, demonstrable room tempera- stable 
Ca(HePO,)2 ture 
Cream of tartar, None 2.24:1 Rapid at room Moderately High 
KHC,H,O¢ demonstrable temperature stable 

Healthfulness 


In view of the fact that no known injury to the consumer has ever 
resulted from baking-powder constituents or residues it must appear to the 
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layman that the question of possible toxicity has received an entirely dis- 
proportionate amount of discussion and investigation. No doubt attention 
first centered on this topic by reason of controversies arising within the 
industry. Furthermore, the natural concern which we all feel regarding 
the healthfulness of widely used food products has led to numerous investi- 
gations by representatives of the industry and by various independent 
organizations, and also by the federal government. None of these investi- 
gations has demonstrated any harmful effects of baking-powder constituents 
or residues, unless a slight cathartic action arising from quantities consider- 
ably larger than would be present in any natural diet could be so classified. 

From the strictly scientific standpoint, however, the question is not 
entirely a closed one because of the incompleteness of existing data on 
toxicity of substances entering into the composition of certain types of 
baking powder. Asa preliminary to an explanation of this statement it is 
desirable that we consider briefly a few pharmacological and physiological 
aspects of toxicity in general. 

Toxicity may be defined as the capacity of a substance for interfering 
harmfully with normal physiological processes when absorbed into the 
blood stream from the intestinal tract, the lungs, or the skin. As ordinarily 
used, the term toxicity does not include actions on living tissues by non- 
absorbed or non-absorbable substances. Actions of such substances are 
usually local and characterized and termed as caustic, astringent, irritant, 
and the like. Although the qualitative factors in toxicity are quite specific 
for the respective substances causing them, the extent of toxic action (the 
quantity factor) is a function of dosage (quantity ingested per unit body 
weight) rather than any inherent objective attribute. Almost all sub- 
stances, including practically all of the foodstuffs, have critical and charac- 
teristic dosage levels above which they exert their respective specific toxic 
actions and below which they are incapable of exerting these actions. Such 
dosage levels or doses are called toxic doses. 

Cumulative toxicity is due to a capacity of substances for accumulating 
in the body into toxic doses when absorbed repeatedly in non-toxic doses, 
or conversely, cumulative toxicity is due to the absorption of non-toxic 
doses of substances at rates or frequencies greater than those at which the 
body can utilize, excrete, oxidize, or otherwise dispose of them. The more 
domestic and less technical terms ‘‘wholesomeness’’ or ‘‘healthfulness’’ as 
applied to foodstuffs cover the idea of absence of cumulative toxicity better 
perhaps than any other household expression. Therefore, a healthful 
article is one which is free from cumulative toxicity, due to a capacity of the 
body for disposing of it more rapidly than it can accumulate. 

Lethal doses, 7. e., doses sufficiently large to cause death, can be deter- 
mined with considerable exactness and are usually expressed in terms of 
grams or milligrams of the substance per kilogram of body weight. Toxicity 
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doses cannot be determined so accurately since it is obviously more difficult 
to distinguish between harmful and harmless actions than it is to distinguish 
between life survival and death. 

Cumulative toxicity is even more difficult to ascertain or to deal with 
otherwise because it is a function of several independent and interdependent 
and therefore not easily determined variables among which are the rates of 
absorption, oxidation, and excretion, in addition to doses and their fre- 
quencies. All of these variables and possibly others must be considered in 
arriving at conclusions regarding cumulative toxicities. 

From these considerations it is apparent that practically all absorbable 
substances which are either oxidized or excreted slowly or incompletely 
cannot be characterized accurately or definitely with respect to cumulative 
toxicity. Among such substances are tartrates and sulfates. Aluminum 
ions are probably not absorbed to any significant extent and may, therefore, 
be dismissed as harmless and free from all forms of toxicity. However, 
tartrates and sulfates are absorbed out of the intestinal tract and are not, 
so far as is at present known, dietary essentials. Furthermore, tartrates* 
are known to be oxidized with considerable difficulty and in certain animal 
experiments sulfates have been found to be excreted with some difficulty, 
as indicated by their “selective retention’ in the blood stream. These 
facts are suggestive of the possibility of cumulative toxicities as results of 
prolonged and extensive use of baking powders containing tartrates or 
sulfates. Quite appropriately, therefore, many authorities on physiology, 
pharmacology, and nutrition have given the matter their attention. Many 
of them have conducted animal experiments of different types so designed 
as to show whether or not the use of tartrates or S. A. S. in baking powder 
would result in cumulative toxicities. Strictly speaking, these studies 
are not as yet entirely complete, and therefore not absolutely conclusive. 
Nevertheless, as far as they have gone they are strongly indicative of the 
absence of cumulative toxicities. For instance, animals have been fed 
foods containing large quantities of the residues of these baking powders, in 
some instances through several generations, without any apparent ill 
effects upon growth, reproduction, and general well-being. 

It has already been noted that aluminum radicals are not absorbed out 
of the intestinal tract to any appreciable extent, and that they can, there- 
fore, not be toxic. However, in connection with the use of S. A. S. asa 
baking-powder acid it should be remembered that aluminum radicals tend 
to be excreted very largely if not entirely as phosphates. Accordingly, 
aluminum radicals in the intestinal tract will bind their equivalence of 


* In this connection, the fact has been stressed that tartaric acid is a constituent of 
grapes and must, therefore, be harmless and healthful. That, however, does not neces- 
sarily follow because oxalic acid is quite toxic although it occurs as a constituent in rhu- 
barb, which is probably just as common an article of food as are grapes. 
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phosphates which will thereby be withdrawn from the dietary. Since 
phosphates are essential dietary constituents it may be argued that while 
aluminum radicals themselves are not toxic they may act harmfully in the 
intestinal tract by robbing diets of phosphates and thereby cause a 
deficiency of phosphates in diets containing no excesses above those re- 
quired. This argument is amply met whenever S. A. S. is used in combina- 
tion with Ca(H2PO,)2 and in a minimal ratio of one equivalent weight of 
phosphate radical to one of aluminum radical. This minimal ratio is 
given by the S. A. S.-phosphate formula on page 1345 and also in Bailey’s 
formula. Baking powders containing this or larger ratios of phosphate to 
S. A. S. will obviously cause no deprivation of phosphates from the diet 
since they supply all of the phosphates required for the excretion of all of 
their aluminum as AlPQ,. 

With reference to the healthfulness of monocalcium phosphate as a 
baking-powder acid it may be noted that calcium and phosphorus are both 
major inorganic constituents of the human body, calcium representing 
about 2.5 per cent. of the entire body and phosphorus about 1.14 per cent., 
all of which is in the orthophosphate form. It has been estimated that an 
adult requires a minimal amount, 0.45 g. of calcium and 1 g. of phos- 
phorus daily. A liberal use of foods leavened with phosphate-containing 
baking powder will naturally increase the intake of calcium and phos- 
phorus above these minimal values but it is unlikely that such excess is 
harmful. 

In view of the considerations already noted, a few pharmacologists and 
physiologists feel inclined to reserve judgment with respect to certain 
dietary properties of baking powder. On the other hand, the facts that 
numerous investigations have disclosed no harmful effects, that numberless 
persons have consumed baking-powder leavened foods three times a day 
for fifty, sixty, or seventy years without being aware of any ill effects 
therefrom, and that healthy octogenarians seem to be as numerous in 
sections of the country where baking powders are heavily used as elsewhere, 
seem sufficient to justify the lay consumer in the conclusion that the 
possibility of harmful effects upon a normal person consuming anything 
like a normal diet is vanishingly remote if not non-existent. 


Effects of Baking Powders on the Flavor of the Baked Products 


Obviously, baking-powder leavened foods contain very little, if any, of 
the original baking-powder constituents except starch. In the leavening 
process they are or should be all converted into reaction products as indi- 
cated by the foregoing reaction equations. Accordingly any effects of a 
baking powder on the flavor of the leavened food must be due not to its 
original constituents, but to its reaction products which are essentially 
the sodium salts of its acids. . 
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It seems to be a consensus of opinion that no unfavorable flavor is 
present in foods leavened by baking powders which leave no other reaction 
products than tartrates and phosphates. However, “tasting tests’ seem 
to suggest a slightly salty taste in foods leavened with straight S. A. S. 
powders and in the phosphate-S. A. S. combination powders. As indicated 
by the foregoing reaction equations, the reaction products of these powders 
are most likely AlPO,, CaSO., and NagSQ,. Of these, AlIPO, and CaSO, can 
safely be eliminated as factors in flavor effects since both of these salts are 
very insoluble and, therefore, practically tasteless. The taste, if any, must 
therefore be due to Na,SO,, which is the only remaining reaction product. 
The effects of these two types of baking powder on the flavor of the leavened 
product is a controversial question on which opinions rather than facts are 
available. The average consumer apparently can detect no undesirable 
flavors in products baked with S. A. S.-containing baking powders. Other- 
wise these powders would not be used so extensively. For practical 
purposes, therefore, all types of baking powders may be rated as being on 
a par with one another in their effects on the flavor of the leavened products. 


Ratio of Acid to Soda 


This subject has already been covered somewhat by the foregoing section 
on baking-powder formulas. The ratios given under this heading in Table 
I serve to make comparisons a little easier since they have been reduced 
to common denominators of one. This ratio has two significances. First, 
it represents the relative quantities of the different acids which are equiva- 
lent to and required for the decomposition of a unit quantity of soda. 
Therefore, the lower this ratio is the less of the acid is required. Secondly, 
this ratio varies in an inverse manner with the amount of starch which may 
be contained in the powder. The lower this ratio is the more starch may be 
incorporated which adds to the keeping quality of the powder, as will be 
discussed later. 


Rate of Action 


Baking-powder acids differ considerably in their rates of action, 7. e., the 
speeds with which they decompose NaHCO; and thereby release CO:. 
As indicated in Table I, the following is the order of baking-powder acids 
with respect to their speeds of action, beginning with the most rapid: 
tartaric acid, cream of tartar, phosphate, and S. A. S. The difference in 
speeds of the first and the last or even between a mixture of the first two and 
a mixture of the latter two is so pronounced that it can be demonstrated by 
simple kitchen tests. For instance, a tartaric acid-cream of tartar combina- 
tion powder will effervesce immediately and almost completely when stirred 
with cold water, whereas an S. A. S.-phosphate combination powder will 
effervesce slowly and only to a partial extent when stirred into cold water. 
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This partial effervescence of an S. A. S.-phosphate combination powder is 
due entirely to the phosphate since a straight S. A. S. powder will not 
effervesce at all in cold water. It does not begin to effervesce to any notice- 
able extent until the water is warmed to a temperature of about 40 to 45°C. 
and will effervesce rapidly only in relatively hot water. 

There are very few data on what constitutes the optimal or ideal speed of 
action (assuming that there is an ideal speed of action for baking powders) 
since the subject has practically no literature. Nevertheless, it is a 
matter of much consideration in the industry. It has no doubt been one of 
the principal considerations in the development of all types of baking 
powder now on the market. Every baking powder may, therefore, be 
regarded as having a rate of action which, in the judgment of its manu- 
facturer, is as nearly optimal as conditions permit or as nearly optimal as is 
consistent with other significant characteristics. Resulting variations in 
rates of action are due partly to differences of opinion as to what the 
optimal rate is, partly to inherent limitations in the baking-powder acids 
selected, and partly to differences of opinion on the relative importance of 
the rate of action as compared with other characteristics. Whatever may 
have been the circumstances in the development of each powder now on the 
market it may be assumed that its rate of action like its other characteristics 
has been the result of much careful and intelligent deliberation. 

Although rate of action has never been the subject of any trade wars nor 
of a great deal of controversial publicity, it is a ‘‘talking point’’ among sales- 
men and demonstrators, each of whom will naturally and invariably claim 
an exclusively optimal rate of action for the particular acid or combination 
of acids contained in his product. Asa result the subject has become some- 
what controversial and under such conditions and in the absence of any 
data on what constitutes optimal rates of action only a few obvious general- 
izations can be noted. 

Speed of action is an important characteristic of baking powder because 
it is in a sense the governing factor in the leavening performance. If this 
speed is too great a large portion of the carbon dioxide will be evolved 
and lost during the mixing of the dough so that the remaining carbon 
dioxide will be insufficient for a proper leavening of the dough during its 
subsequent baking unless, of course, an excessive amount of powder is used. 
The action may also be too slow. It must take place completely before the 
dough reaches the temperature at which its proteins are coagulated, since 
no further leavening is possible afterward. The action should also be 
complete before the dough reaches the temperature at which undecomposed 
sodium bicarbonate begins to dextrinize starch. Both of these tempera- 
tures are rather indefinite and variable. Soda begins to dextrinize starch 

probably around 50 to 55°C. and flour proteins coagulate at nearly the 
same or possibly somewhat higher temperatures. Accordingly, a baking 
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powder should preferably not act to any great extent at room temperatures 
but its action should begin almost simultaneously with the rise of the 
temperature of the dough after it is placed in the oven and the action 
should be complete before the interior of the dough reaches a temperature 
of 50°C. or thereabouts. 

It is entirely possible that there is no one optimal rate of action for baking 
powders. The different varieties of cakes and biscuits are all baked by 
different processes, and each of these may require for optimal results a 
correspondingly different oven temperature. Accordingly, some baking 
processes may require a very slow action like that of a straight S. A. S. 
powder, others a moderately slow or possibly a dual action like that of an 
S. A. S.-phosphate combination powder and still others a rapid action like 
that of tartrate powders. In that case there is a place and purpose for every 
type of baking powder. 

It may be somewhat explanatory to say that rates of action correlate 
directly with dissociation constants, solubilities, and other chemical and 
physical properties of the acids, and conversely with certain other proper- 
ties. A further discussion of rates of action would no doubt be interesting 
but it could only resolve itself into a discussion of certain inherent chemical 
and physical properties of the baking-powder acids and these are discussed 
adequately in texts and monographs covering the general chemistry of 
materials used as baking-powder acids. 

In connection with rates of reaction it may be of interest to note that a 
patent has recently been issued for a new type of baking powder in which 
the acid material is sodium pyrophosphate (NazP.,07) with “‘sufficient 
calcium lactate to retard the rate of reaction.”’ 

In this connection the so-called “‘oven break’ is an interesting phenome- 
non, since it illustrates an effect of rate of action on leavening perform- 
ance. An oven break is a rupture in the crust and is caused by baking- 
powder action which takes place in the interior of the baking mass (biscuit 
or cake) after the crust has formed on the exterior. In other words, an 
oven break is caused by a continuation of leavening action in the interior 
after the crust has formed on the outside. An oven break may also take 
place in products leavened with moderately rapid-acting powders provided 
the oven is very hot since a hot oven tends to produce the same sequence of 
events even though the baking-powder action may be rapid. However, 
an oven break is more likely to be produced by slow baking-powder 
action. 

Stability 


Stability as applied to baking powder is synonymous with keeping 
quality and has reference both technically and practically to the time during 
which the available carbon dioxide content will remain above the legal 
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limits under commercial conditions of packing, transportation, and storage. 
Stability is obviously due to and dependent on the inertness of the baking- 
powder acids toward soda under these conditions from the time the baking 
powder is mixed and until it is delivered to the ultimate consumer.* 

However satisfactory a combination of an acid and soda may otherwise be, 
such a combination will be completely worthless as a commercial baking 
powder if it has not the necessary stability. The list of commonly used 
baking-powder acids would be much greater if it were not for the stability 
requirement. For instance, NaH:PO, would probably have been used 
extensively as a baking-powder acid if it were not for the fact that it reacts 
too readily with NaHCO; under conditions under which baking powder 
must ‘‘keep.”’ 

Stability is probably just as difficult to explain as is rate of reaction. It 
is no doubt due to or intimately associated with fundamental and familiar 
chemical or physical properties of the baking-powder acid or the products of 
its reaction with soda, but all of these properties cannot be singled out with 
certainty, and it would be still more difficult to determine their individual 
factorial values in baking-powder stability. Low hygroscopicities, low 
dissociation values, and low solubilities are the properties which seem to be 
most conspicuously associated with stability. 

Hygroscopic water is an important factor in baking-powder stability 
since baking-powder decomposition reactions are of the type which require 
water and which are completely inhibited by the absence of water. Ac- 
cordingly, a perfectly dry baking powder will keep indefinitely—theo- 
retically forever. The hygroscopic water content of baking powder will 
vary with the hygroscopicity of the baking-powder constituents and with 
the humidity of the surrounding atmosphere and inversely with the pro- 
tective properties of the container. A secondary factor in the deterioration 
of baking powder—secondary to hygroscopicity—is temperature. When- 
ever a baking powder has absorbed water sufficient for more or less de- 
terioration the speed of that deterioration, like the speeds of chemical 
reactions in general, will vary with the temperature. 

The foregoing considerations are amply substantiated by actual observa- 
tions and experiences in the baking-powder industry. For instance, it is 
very common for baking powder to “go bad’ within a few months in 
localities like Louisiana where the temperature and humidity are frequently 
very high. But in the north central or northwestern states where the mean 
temperatures and humidities are much lower, baking powders are known 


to have kept for years. 
To a certain extent conditions of storage are under the control of the 


* Although the responsibility of the trade ends legally when the product has been 
delivered to the consumer, every manufacturer realizes that the success of his baking 
powder depends on its keeping quality until the last spoonful has been used up. 
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trade and the consumer. To that extent the coolest and driest storage 
conditions should always be provided. For instance, baking powder 
should never be stored in or near steam vapors or in places exposed to any 
kind of artificial, and therefore avoidable, heat or humidity. 

Obviously, a good container is essential to baking-powder stability. As 
every one knows, the container now used almost exclusively is the slip- 
covered tin can. The writer is not familiar with the considerations which 
have resulted in its adoption as a baking-powder container, but it is safe to 
assume that its moisture-excluding properties have been considered care- 
fully and found to be the best practicable. The fact that a slip-covered 
tin can protects a baking powder from deterioration is in a way indicative 
of the superior keeping qualities of baking powder over those of foods which 
keep only in hermetically sealed containers. 

Daily or sudden fluctuations in temperature are an important factor in 
the deterioration of baking powder contained in slip-covered tin cans or in 
other containers not hermetically sealed. Every lowering of the tempera- 
ture causes a contraction of the contents and especially of the gases within 
the can and consequently an intake of outside air which is never entirely 
moisture-free. Likewise every rise in temperature causes an expansion of 
gases within the can and consequently an expulsion of a part of them. In 
this manner a can of baking powder “‘breathes,’’ completing one breath with 
every rise and drop in temperature. The air so inhaled always contains 
more or less moisture and it will always be absorbed by the baking-powder 
constituents which are thereby reduced in stability or inertness. Accord- 
ingly, baking powder contained in a slip-covered tin can or in any other 
type of container which is not hermetically sealed, will absorb moisture 
unless it is stored in an extremely dry atmosphere or else in a temperature 
which is held constant by means of a sensitive thermostat. 


Starch 


As explained in the preceding section on baking-powder formulas, 
starch is the diluting medium by which the gas strength is adjusted to the 
desired value, which is usually 14 per cent. However, the starch so added 
also serves as a desiccating material in the powder and thereby prevents 
to a certain extent the active constituents, especially the acids, from absorb- 
ing moisture which enters the can. This desiccating action of starch is due 
to its hygroscopic properties, which are more pronounced than those of any 
other foodstuff. Starch may contain up to 20 per cent. of water and still 
appear and feel perfectly dry. In equilibrium with phosphorus pentoxide, 
P,0;, which is one of the most powerful desiccating agents known, starch 
will contain approximately 3 per cent. of moisture. In equilibrium with an- 
hydrous calcium chloride starch contains approximately 5 per cent. of water 
and in equilibrium with normal atmospheric conditions it contains from 
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15 to 18 per cent. of water, which is probably the average water content 
of starch as sold at retail in grocery stores. These values indicate in a 
general way the capacity of starch for absorbing water and the intensity 
with which it holds the water absorbed, 7. ¢., the capacity and intensity 
factors of the property known as hygroscopicity. 

Baking-powder manufacturers take advantage of this hygroscopicity of 
starch by using it not only as a filler but also as a desiccating agent for 
absorbing water which enters the baking-powder can and which would 
otherwise be taken up by the baking-powder acids for their activation. 
In order that starch may also serve as a desiccating agent it must be 
reasonably dry and not already saturated with water when mixed in the 
powder. It is therefore dried to the lowest possible moisture level before 
being incorporated into baking powder. This moisture level is approxi- 
mately 5 per cent. A drier starch cannot be used because it is impossible 
to dry out the last 5 per cent. of water from starch without injuring its 
hygroscopicity or water-absorbing properties. 


Sodium Bicarbonate or Soda 


Sodium bicarbonate stands out preéminently among baking-powder 
constituents as the most available and suitable material as a source of COs, 
the active principle in baking powder. The present exclusive use of 
sodium bicarbonate leaves no reference materials as standards of compari- 
son. It can, therefore, be considered only in terms of its own properties 
which are described so completely in texts on inorganic chemistry that they 
need not be repeated here. Its physiological rdles and dietary properties 
are discussed with equal completeness in texts on physiology and physio- 
logical chemistry. 

* * * * 

A relatively large portion of this article has been devoted to baking- 
powder constituents rather than baking powders themselves. However, 
that is probably the simplest if not the most logical way of telling an intro- 
ductory story of baking powders since baking powders themselves are 
not entities other than physical mixtures of their constituents. 





METALLURGY’S CONTRIBUTION TO ACCURACY IN TIME. 
MEASURING 


G. E. SHuBRooKs, HAMILTON WatTcH CoMPANY, LANCASTER, PENNSYLVANIA 


After five years of painstaking research the Hamilton Watch Company has 
introduced a noteworthy improvement in watch construction, in the form of the 
Elinvar watch. 

The construction of the Elinvar watch differs from the older model, in that 
the bimetallic balance wheel and the conventional steel hairspring have been 
replaced by a monometallic balance wheel with a two-piece friction-fit balance 
staff and an Elinvar hairspring. 

The elasticity of the conventional steel hairspring decreases as the tempera- 
ture increases; in other words, the hairspring becomes weaker when warm and 
stronger when cool. 

This article gives a cross-section of some of the many factors which had to be 
considered before the qualities, as outlined, could be incorporated in a high- 
grade watch movement. 


Time is so important a factor in the success of chemical processes that 
reliability in timepieces is a necessary characteristic of the chemist’s 
instrumental equipment. 

Few chemists, however, have had occasion to acquaint themselves with 
the structural essentials of the small mechanism on which the accuracy of 
their timing depends. Fewer still, perhaps, realize how importantly 
metallurgy has influenced the make-up of watches. This article tells of an 
obstacle to correct time-measuring which remained insurmountable for 
centuries and was never fully overcome until metallurgy and the study of 
physical properties of metals revealed the way to nullify it and, by the same 
token, to combat other enemies of watch accuracy. 

Recent improvement of a tiny part of one of the smallest mechanisms 
marks a forward step of interest to all whose vocational activities include 
precise timing of processes, operations, motions. 

This improvement is of practical interest to every engineer and to every 
layman, though it especially claims the attention, perhaps, of the metal- 
lurgist, for it comprises a new use of an alloy originally developed several 
years ago—Elinvar. This, and other achievements in nickel-iron alloys, 
won for their originator, Dr. Charles Edouard Guillaume, the honor of being 
numbered among the recipients of the Nobel Award in physics. 

He named the new alloy from the first syllables of the two words which 
indicate its chief characteristic—el-asticity, invar-iable. 


One Improvement Creates Others 


The improvement in watches and precision instruments which this alloy 
has made possible is not confined to the hairspring in which it is used. Asa 
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hairspring of this 
metal is not affected 
in elasticity by at- 
mospheric tempera- 
ture variations there 
is no need for the 
compensating bal- 
ance wheel hereto- 
fore used to counter- 
act the error that 
would otherwise en- 
sue with the conven- 
tional carbon steel 
hairspring. Without 
a corrective, these 
variations in hair- 
spring elasticity 
would cause an error 
in timekeeping at the 
rate of 5 to 7 seconds 
a day for each degree 
(F.) rise or fall of 
temperature. 
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BI- METALLIC BALANCE WHEEL 


FIGURE 1.—BIMETALLIC BALANCE HERETOFORE NECES- 
SARILY USED TO COUNTERACT EFFECTS OF TEMPERATURE 
VARIATIONS ON THE CONVENTIONAL CARBON STEEL Hatrr- 
SPRING OF A WATCH 


A,arm. C, C, cuts in bimetallic rim to permit enlarge- 
ment or contraction of the circumference. Due to the 
higher coefficient of expansion of brass over steel, an in- 
crease in temperature forces the free ends at C, C, toward 
the center of oscillation, thus reducing the weight to be 
oscillated by the hair-spring whose elasticity is lessened by 
the same change in temperature. Conversely, the weight 
is increased at the periphery of this balance wheel by a 
decrease in temperature which gives the hairspring greater 
elasticity. 


The difficulty was fairly well (but not completely) overcome by the 
invention of the compensating balance by Pierre LeRoy in 1766. LeRoy’s 
compensating balance utilizes the comparative expansibility of brass and 
steel as the basic principle in counteracting the error which the effects of 








MONOMETALLIC BALANCE WHEEL (NOT CUT) 


Ficure 2.—Uncut, MONOMETALLIC BALANCE WHEEL 


Te 





temperature changes 
would otherwise have 
caused. 

It consists of a 
wheel with one dia- 
metric cross arm, 
bored at the center 
. for admission of an 
fi arbor which also car- 
ries the collet to 
which the hairspring 
is fixed. The rim of 
the balance wheel is 
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oF Non-MAGNETIC METAL, USED IN CONJUNCTION WITH 
ELINVAR HAIRSPRING, WHICH MAINTAINS CONSTANT 
ELASTICITY THROUGH NORMAL RANGE OF ATMOSPHERIC 
TEMPERATURES : 


composed of brass 
(on the outside) and 
steel (on the inside), 
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the arm being also of steel. The construction is clearly illustrated in 


Figure 1. 


An essential feature of this compensating balance is the cutting of the 
rim as shown at C, C, in the illustration referred to. Certain practical 
difficulties in maintaining the poise of the balance are due to this. The 


wheel is easily deformed. 


Besides, it has been found impossible to secure uniform compensation 
throughout an adopted range of temperature. This is because the elas- 
ticity of the hairspring does not vary in exactly the same ratio as the 
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Ca 10° is 20° 2s 30° we 
OEGREES CHANGE IN TEMP C 
FIGURE 3.—GRAPH VISUALIZING THE MIDDLE 
TEMPERATURE ERROR IN A WATCH HAVING BI- 
METALLIC BALANCE OF THE COMPENSATING TYPE 


AB, expansion of brass, A.S, expansion of steel. 
AC, the approximate mean of these two (shown by 
straight line for convenience) indicates the gain in 
rate due to effect of rise in temperature on the 
balance. AE, loss of rate due to lessened elasticity 
of hairspring from same rise in temperature. AD, 
indicates an ideal attainable only where the mod- 
ulus of elasticity of the hairspring would decrease in 
exact ratio with the mean expansion between the 
steel and brass elements of the balance. AG, actual 
rate of watch correctly timed at two temperatures, 
5° and 35°C. The path of this line indicates the 
departure from correct rating at the intervening 
temperatures, due to the inability of the balance 
wheel rim to expand in the same ratio as the loss of 
elasticity by the hairspring. 


expansion and contraction 
of the brass and steel rim of 
the balance wheel. 

For example, a watch with 
this type of compensating 
balance correct at two tem- 
perature extremes—say 
40°F. and 95°F.—is not ex- 
actly correct in intervening 
temperatures; nor below or 
above these two extremes. 
This anomaly is known inthe 
watch trade as the ‘‘secon- 
dary” error or ‘‘middle tem- 
perature” error (Figure 3). 


Early Attempts to Elimi- 
nate Temperature Errors 


Early experimenters, en- 
deavoring to eliminate the 
need for a cut-rim, bimetal- 
lic or ‘‘compensating’’ bal- 
ance wheel, worked on the 
theory of evolving a metal 
for hairsprings which would 


increase in elasticity with increase of temperature. Recognizing that a 





monometallic balance would normally expand in a rising temperature, the 
purpose of these experimenters was to secure a corresponding increase in 
the strength of the hairspring. Hence the search for an alloy having a 
modulus of elasticity opposite to that of the conventional carbon steel 
hairspring. 

One of these early experimenters was Paul Perret, now deceased, to 
whom Guillaume turned for assistance in research, being too busy 
himself at the time to pursue experimentation along the lines his dis- 
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coveries thus far had indicated as an avenue leading to the solution of the 
problem. 

Perret has to his credit one of the first American patents covering a hair- 
spring exhibiting increase in elasticity with rise in temperature. His 
claim covered the ‘‘combination of a non-compensating balance made of 
brass with a hairspring of the usual form made of an alloy formed of about 
72 parts by weight of steel and about 28 parts by weight of nickel and hav- 
ing the property of increasing its elastic force with a rise of temperature 
just sufficiently for obtaining a compensation for the expansion of the 
uncompensated balance.” 

Unable to completely solve the problem by increasing the elasticity of the 
hairspring with rise of temperature, he sought Dr. Guillaume’s further 
advice with the result that the latter renewed his effort along that line of 
research. 

In 1914 two patents were issued to Dr. Guillaume in which he points out 
the reasons for the defects in Perret’s springs. 

It had been shown in Perret’s patent that the required increase of 
elasticity with temperature is exhibited by hairsprings made of nickel steel 
containing either 27 to 28% nickel or 39 to 45% of nickel. 

“It has been found,”’ said Guillaume, ‘‘that these nickel steel hairsprings 
containing 27-28% nickel, while giving the aforesaid results, are very soft 
and in consequence very easily deformed. In other words their limit of 
elasticity is very low.” 

Guillaume’s formula to meet the requirements was to vary the nickel 
content between 27% and 31% with the quantity of other elements. Car- 
bon and silicon, for example, could be employed in quantities of about 0.3 to 
0.6% and manganese in quantities of about 1 to4%. Other additions in 
the quantities of 0.2 to 4% could be used in such proportions that the total 
amount of them and of the carbon and silicon, or carbon, silicon, and 
manganese, would total between 3.5% and 10% of the whole alloy. 

A typical composition in accordance with this formula was as follows: 


Parts by Weight 


Element 
Nickel 28.5 
Iron 66.2 
Manganese 2.0 
Chromium 1.5 
Tungsten 1.0 
Carbon 0.5 
Silicon 0.3 


The second patent, issued on the same day, covers an alloy consisting of 
27 to 31% nickel, 0.3 to 0.6% silicon, 0.3 to 6% carbon, and at least one 
metal of the sixth group of the Mendeléeff classification and at least one of 
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the fifth group. From the sixth group he mentions as examples, chromium, 
molybdenum, or tungsten; from the fifth group, vanadium or tantalum, 


The Search for a Metal of Unvarying Elasticity 


Elinvar, Dr. Guillaume’s recent development in nickel-iron alloys, is the 
outcome of observations in this previous work of his on ferro-nickels to 
which other elements had been added. 

In aiming to create a hairspring that would increase in elasticity as 
temperature increased, the main objective of course was to do away with 
the cut-rim, compensating balance. 

However, though progress had been made toward securing compensation 
at the two temperatures at which watches are customarily timed, the 
middle temperature or secondary error remained to be overcome. 

Moreover, as was pointed out in his letters patent of August 19, 1919,* 
difficulty had been experienced in securing uniformity in the properties of 
the alloys compounded for this purpose. 

Dr. Guillaume bent his efforts toward devising a hairspring metal without 
this deficiency and which would have a zero thermo-elastic coefficient in order 
to eliminate the need for a compensating balance, eliminate middle tempera- 
ture discrepancy, and avoid the manufacturing difficulty referred to above. 

The log of his experiments had revealed, it will be observed, a noticeable 
relation between the irregularities in thermal expansion and the thermo- 
elastic coefficient of nickel-iron mixtures. 

Observing that the addition of a third element diminished the irregu- 
larity, he recognized the possibility of developing an alloy whose thermo- 
elastic coefficient would be zero over a wide range of temperatures. 

In May, 1932, letters patent were again issued to Dr. Guillaume wherein 
he states ‘it has been found that it is possible to adapt the compensating 
capacity of hairsprings to the range of temperatures principally available in 
practice, and to reduce sufficiently the secondary error of watches and 
chronometers, within the said range of temperatures, when the addition of 
chromium to the alloys of iron and nickel employed in the manufacture of 
hairsprings and containing 27 to 45% nickel is reduced to 4 to 8%. The 

said alloys contain advantageously small additions of substances capable 
of raising their limits of elasticity, as for instance tungsten, carbon, manga- 
nese, silicon and vanadium.” 

Within the range of these proportions, the patentee mentions as a 
particularly advantageous composition for watch and chronometer hair- 
springs the following: 


* Under this patent of Aug. 19, 1919, No. 1,313,291 and that of May 8, 1923, No. 
1,454,473, the exclusive U. S. franchise for the use of Elinvar in hairsprings of watches 
and precision instruments and for licensing others to so use it, are held by the Hamil- 
ton Watch Co., Lancaster, Pa., and the Illinois Watch Co., Springfield, Ill. 
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Element Percentage 
Nickel 33 to 35 
Iron 53 to 61 
Chromium 4to 5 
Tungsten lto 3 
Carbon 0.5 to 2 
Manganese and silicon 0.5 to 2 


Effects of Magnetism Limited 


Elinvar cannot be permanently magnetized. As soon as it is withdrawn 
from a magnetic field, it instantly discharges all harmful effects of mag- 
netization. 

As the balance wheel used in conjunction with this new hairspring need 
not be constructed for thermal expansibility, this new alloy has made it 
possible to use a non-magnetic metal for the balance (see Figure 2) thus 
rendering the whole vibrating assembly proof against permanent mag- 
netization. 

In severe tests in magnetic fields up to 3600 lines per square inch, 
watches so equipped have proved able to resume running when removed 
from the magnetic field, while ordinary watches of otherwise exactly the 
same construction could not operate again until demagnetized. 

In magnetic fields somewhere between 36 and 360 lines per square inch, 
watches with conventional steel hairsprings and bimetallic balance wheels 
were so seriously affected by magnetism that they were wholly useless as 
timekeepers while the new type watches were not noticeably affected. 

The table on p. 1364 reflects the results of one of these comparative tests. 
For this test twenty standard railroad watches were used. Ten were 
equipped with conventional carbon steel hairsprings and steel-brass balance 
wheels; ten had Elinvar hairspringsand non-magnetic monometallic balances. 

First the twenty watches were put through two-day tests in five positions 
and in three temperatures—a total of sixteen days in all tests before being 
subjected to the influence of a magnetic field. The five positions were: 
dial up, dial down, 12 up, 9 up, and 3 up. The temperatures were 68°F., 
41°F., and 95°F. 

After all these tests in an unmagnetized condition, the watches were 
again timed in 68° temperature in the 12-up position to see how accurately 
these watches repeated their original time. In the table this performance 
is listed as “recovery.” 

After these eighteen days of timing and rechecking, the watches were 
then placed in magnetic fields of three different strengths in succession, 
each watch being checked after each exposure. The magnetic fields of 36, 
360, and 3600 lines per square inch were obtained in the center of an air 
solenoid. The watches were placed in the field, moved about, and then 


slowly withdrawn. 
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The readings given are the group average of the ten conventional watches 
and the ten Elinvar-equipped watches. Notice that in the unmagnetized 
condition the error due to a change in temperature was practically the 
same among both groups. 


Bimetallic Bimetallic Bimetallic Bimetallic 
Not Mag. Mag. 36L Mag. 360L Mag. 3600L 
Seconds Seconds Seconds Seconds 
per Day per Day per Day ber Day 
Average variation in rate over all positions 9.0 10.2 122.3 Stops 
Average variation in rate due to a tem- 
perature change of 41-95°F. 3.9 4.9 48.7 Stops 
Average recovery 5.0 1.5 92.0 Stops 
Elinvar Elinvar Elinvar Elinvar 
Not Mag. Mag. 36L Mag. 360L Mag. 3600L 
Seconds Seconds Seconds Seconds 
per Day per Day per Day ber Day 
Average variation in rate over all positions 8.7 10.5 10.0 9.7 
Average variation in rate due to a tem- 
perature change of 41-95°F. 3.2 3.1 2.9 4.0 
Average recovery 1.8 4 0.8 1.8 


There is a slight loss of time after a watch has been magnetized which 
does not appear when the daily variation in rate is considered alone. This 
is shown in the following tabulation: 


Bimetallic Elinvar 
Not magnetized 0 sec. per day 0 sec. per day 
Magnetized 36 lines 0.3 sec. per day 0.1 sec. per day 
Magnetized 360 lines —56.8 sec. per day —1.4 sec. per day 
Magnetized 3600 lines Stop —6.3 sec. per day 


The foregoing tabulation shows the difference in rate of the watch after 
being magnetized in fields of different strengths, assuming that it was 
correct before being magnetized. 

It reveals that a watch with the new-type vibrating assembly and 
regulated to give perfect time before magnetizing, will lose approximately six 
seconds a day after being magnetized in a field of 3600 lines per square inch. 

This loss, however, is regular. The variation in the daily rate of the 
watch caused by changes in temperature and position runs parallel to the 
original rate. Whatever disturbing influences are responsible for variation 
in position, temperature compensation and recovery are still able to in- 
fluence the rate of the watch in the same manner after the watch has been 
demagnetized. Restoration of the original rate is readily accomplished by 
movement of the regulator. 

A third important characteristic of this new hairspring metal is its 
resistance to oxidization. In any normal use of a watch this hairspring 
will be more resistant to corrosion than a steel spring. This fact is of 
especial interest to those whose work brings them into especially moist 
atmospheres, but it is also valuable to all watch users, as 60% of the 
watches taken'to the repair shop have rusty hairsprings. 
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SOME RECENT ADVANCES IN BIOLOGICAL CHEMISTRY* 


R. ADAMS DUTCHER, PENNSYLVANIA STATE COLLEGE, STATE COLLEGE, PENNSYLVANIA 


A review of the biochemical literature for the past year or two shows that 
the biochemist has made remarkable progress in many fields of work. Ad- 
vancement has been so rapid in certain fields that it would appear that our 
textbooks and teaching may have to be completely revised. I have been 
impressed with the remarkable advancement that has been made in the 
past few months with reference to the separation, isolation, and determina- 
tion of structure of many biological compounds. 

I have made no attempt to make a survey of all biochemical research for 
the past few months but I shall endeavor to describe a few outstanding 
researches in three or four fields of activity which have appealed to me as 
being of interest and importance to biologists and workers in medical fields, 
as well as to biochemists. 

To one who has worked in the vitamin field for a number of years, the 
developments in the past few months have been almost spectacular. I 
shall describe briefly a few developments in this interesting field of research. 

Vitamin A 

Karrer and co-workers in Ziirich have made an exhaustive series of stud- 
ies relative to the chemical relationship existing between the pigment caro- 
tene and vitamin A (1). Carotene is known to exist in two isomeric forms, 
viz., a-carotene and f-carotene. The former is optically active and shows 
an absorption band at 511m while the 8 variety is optically inactive and 
shows an absorption band at 521my (2). 

It is quite apparent that the carotene molecule (C4oHs¢) is split, in the 
liver, to vitamin A, which has an empirical formula of CooH3O. Drum- 
mond and co-workers (?) announce that their work confirms the work of 
Karrer. 

Beta-carotene yielded geronic acid when treated with ozone. Since 
B-ionone gives about the same yield of geronic acid by the same (ozone) 
methods, it is concluded that the following symmetrical formula represents 
the carotene molecule. 


CH; CH; CH; CH; 
ip V4 
Cc CH; CH; CH; fi Cc 
Pa | | | ys, 

a C— CoC—~ a came itn C=C— si age ih sae —=C— ah ss ee re : a CH, 

| bs | | 

| | H H H H ay H H HH HHH H ‘i | | 

| 

H.c C—CH; CH;—C CH, 
\Z BA 
CH: CH: 

CAROTENE 


* Delivered at the joint meeting of the Divisions of Biological and Medicinal Chem- 
istry and of Chemical Education at New Orleans, March 30, 1932. 
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Olcott and McCann (4) believe they have proof that carotene is changed 
into vitamin A in the liver by means of an enzyme which they call ‘‘caro- 
tenase.”’ 

Karrer and associates examined fish livers and found that they could iso- 
late a substance which was more potent than carotene. The compound 
contained C, H, and O and yielded geronic acid. The molecular weight 
was about 320 and it was concluded that the vitamin A molecule contains 
but one #-ionone ring. 


CH; CH; CH; CH; 
a wae 
& Cc 
JN yt, 
od : ieee H:C COOH 
| 
H.C CCH; HC CO-CH; 
i A 0 
CH: CHa 
B-IONONE RING GeErRonIc AcID 


The work of Karrer and Drummond and co-workers indicates that the 
vitamin A molecule is about one-half the size of the carotene molecule and 
that vitamin A is an unsaturated primary alcohol containing the 6-ionone 
ring. While the formula is not established definitely at the time this is be- 
ing written, it would appear that the following formula is probably correct 
with the possible exception of the positions of the unsaturated linkages. 

CH; CH; 
A 
Cc CH; CHs3 
F.4 | | 
H.C C——CH=CH—C=CH—CH=—CH—C=CH:CH:0H 
ca 
H,C C—CH; 


YY 
CH: 


ViTAMIN A (C2oH300) PROVISIONAL 
Vitamin B 

Considerable work has been done to show that the vitamin B complex 
may consist of five or more fractions. The existence of the antineuritic 
fraction, B,, has been established definitely and vitamin B is recognized as 
a definite entity. These vitamins are also known, in this country, as B 
and G, respectively. Eddy and co-workers contend that a third factor 
(B;) is necessary for growth in pigeons, while Miss Reader of London be- 
lieves that there is a fourth fraction of the old B complex which is necessary 
for normal growth in the rat. Miss Chick, also of London, is of the opin- 


ion that she has obtained evidence that a fifth fraction exists which is 
necessary for rat growth and which differs from By, in stability. 
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Windaus and co-workers (5) have just announced the isolation of the 
antineuritic fraction (B or B;) in crystalline form. Using modifications of 
the methods used by Jansen and Donath, Seidell and Peters, two types of 
crystalline products were isolated, one as the hydrochloride and one as the 
picrolonate. He ascribes the tentative formula, CyHi;N;0S to. this 
highly potent crystalline product. This compound was active in daily 
doses of from 2 to 4 gamma (2/1000 to 4/1000 of a milligram). The most 
potent preparations reported previously were those of Jansen and Donath, 
which were active in doses of from 7 to 9 gamma daily. 

Vitamin C 

It would appear that we are soon to be able to ascribe a chemical formula 
to vitamin C (the antiscorbutic vitamin) if the conclusions of Rygh, Rygh, 
and Laland (6) are correct. These workers, publishing from the Uni- 
versity of Upsala, describe the isolation of the alkaloid narcotine from 
oranges, cabbages, tomatoes, and potatoes. In unripe oranges narcotine 
is present in fairly high concentration but it appears to diminish as vitamin 
C increases during the ripening process. Narcotine, which of itself is in- 
active as an antiscorbutic agent, is capable of alleviating scurvy symptoms 
after treatment with ultra-violet light. When the ortho methoxy groups 
of narcotine were split off, the ortho diphenol derivative was formed. This 
compound proved to be efficient in preventing typical scorbutic symptoms, 
in doses as small as 20 to 30 gamma. 

re ee NON 
CHK =| (| H 
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NARCOTINE 


The continuation of this work will be watched with great interest but 
it must be corroborated by other laboratories before being accepted. 
There are certain phases of the feeding and pathological technic that 
appear to be open to question. For the present, therefore, we can only 
state that it may be possible that narcotine is the parent substance of vita- 
min C in much the same way that inactivated ergosterol is the parent sub- 
stance of vitamin D.* 

* W. A. Waucu and C. G. Kine of the University of Pittsburgh have recently 
announced that they have been successful in isolating vitamin C in pure form. They 
question the accuracy of the work of Rycu, Rycu, and LALAND and contend that vitamin 
C is similar to or identical with hexuronic acid. 
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Vitamin D 

The most outstanding development with reference to vitamin D has been 
the preparation of this factor in crystalline form. 

Askew and co-workers in England (7), Windaus in Germany (8), and 
Reerink and Van Wijk in Holland (9) have described the preparation of 
crystalline vitamin D of high potency. The active product is isomeric 
with ergosterol, contains three sets of double bonds and a hydroxyl group. 
The English workers have applied the term “‘calciferol’’ to their crystalline 
product. These workers make the ester of the activated sterol by adding 
3,5-dinitrobenzoyl chloride in dry pyridine. The ester is finally crystal- 
lized out of acetone, is lemon yellow in color and melts at 147-149°. After 
hydrolysis of the ester, the vitamin is crystallized out of methyl alcohol in 
colorless crystals which melt at 114-117°. The D, of Linsert and Windaus 
seems to be identical with calciferol. Heating caused calciferol (D2) to 
change to an inactive product which no longer possessed physiological 
activity. All these active preparations were extremely potent. 

These researches seem to have established the fact that, while a number 
of changes are produced when ergosterol preparations are activated with 
ultra-violet light, there appears to be but one antirachitic substance formed, 
which is called D, by Windaus and calciferol by Askew and co-workers. 

Physiological Oxidations 

In 1926 Philip and Grace Eggleston of London (10) described a labile 
organic phosphorus compound which they isolated from muscle tissue and 
to which they gave the name ‘‘phosphagen.”’ In 1927 Fisk and Subbarow 
(11) described experiments which indicated that phosphagen is a com- 
pound of creatine and phosphoric acid and that phosphagen breakdown 
affects the buffering power of muscle tissue. 

It was observed that phosphagen disappeared during contraction but 
reappeared in the recovery period following stimulation. It was noted that 
lactic acid formation seemed to follow, rather than accompany, stimulation. 

In the meantime Lohman (12) had found another muscle substance which 
was identified as a compound of adenylic and pyro-phosphoric acids, which 
has been identified recently as a part of the co-enzyme system in carbo. 
hydrate hydrolysis. 

It remained for Lundsgaard (13) of Copenhagen to discover (1930) that 
muscles could be poisoned with iodoacetic acid, resulting in complete in- 
hibition of lactic acid formation but without loss of contractility. Verte- 
brate muscles when thus poisoned may contract for a time, accompanied 
by phosphagen breakdown but without the formation of lactic acid. Such 

muscles lose their power of recovery and cease to become excitable. Under 
these conditions phosphagen breakdown is complete with no evidence of 
attempts at re-synthesis of phosphagen. 
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In normal, unpoisoned vertebrate muscle, the muscle does not lose its 
excitability and lactic acid formation is noted during the recovery period, 
accompanied by the re-synthesis of phosphagen. The same general ob- 
servations have been made with crustacean muscle except that the phos- 
phagen molecule consists of arginine and phosphoric acid rather than crea- 
tine and phosphoric acid. 

The recent statements of Hill and Parkinson (14), Lundsgaard and others 
have revolutionized the older viewpoints relative to the mechanism of 
muscle contraction. Present data indicate that most, if not all, of the 
energy of contraction comes from the breakdown of the phospho-creatine 
complex (phosphagen). The energy of lactic acid formation appears to 
be utilized quite largely in the re-synthesis of phosphagen. This is an en- 
dothermic process. The formation of lactic acid, although exothermic in 
character, was lost sight of for some time, owing to the utilization of this 
energy in phosphagen synthesis. It would appear that rigor is not due, 
primarily, to accumulation of lactic acid, since rigor often precedes lactic 
acid formation. Hill (15) and Himwich (16) have made the most recent 
reviews of the literature in this field. 

If Witzemann of Wisconsin is correct we may be forced to revise our con- 
ceptions of certain phases of biological oxidations. This author (17) has 
studied the mechanism of oxidation of fatty acids with particular reference 
to a-hydroxy acids. He finds that the rule of Popoff, viz., that a-hydroxy 
acids undergo oxidation by loss of one carbon atom, is not true for a- 
hydroxybutyric acid. 

Two types of breakdown are possible: 


A. CH;-CH;CHOH-COOH + O:. —» CH;-CH:-COOH + CO, + H:0 
B. CH;-CH:CHOH-COOH + 50 —» CH;-COOH + 2CO:, + 2H:0 


Working with the higher a-hydroxy acids he finds that these may be 
induced to lose two carbons at a time also. He obtained ‘“‘shifts’’ in points 
of rupture by varying the chemical environment. His results indicate that 
the loss of one carbon is due to oxidation of the a-keto acid, while the loss of 
two carbons follows the oxidation of the enol isomer. He suggests that 
other ‘‘shifts,’’ with reference to points of rupture, are possible and feels 
that a oxidation, in the animal organism, is not necessarily accompanied by 
loss of but one carbon atom. 

Hopkins and co-workers (18) have continued their work in tissue respira- 
tion in which they submit additional evidence that the transportation of 
hydrogen to molecular oxygen by the “glutathione path’”’ may represent a 
significant and specialized aspect of tissue oxidation. Nicolet (19) has pub- 
lished evidence to show that glutathione is y-glutamylcysteyl-glycine, 
rather than y-glutamylglycyl cysteine. 








1370 JOURNAL OF CHEMICAL EDUCATION Aucust, 1932 


COOH HS-CH;2 
| 
H,N-CH-CH:-CH:-CO:-NH:CH:CO:-NH-CH;-COOH 


Mattill’s work on anti-oxidants and auto-oxidation of fats (20) has raised 
a number of interesting scientific and industrial questions, which can only 
be answered by continued research. Continuing his studies of auto- 
oxidation as influenced by the presence of anti-oxidants and pro-oxidants 
(promoters), Mattill has worked with lard—cod-liver oil mixtures and has 
measured the induction periods, using a modification of the Greenbank- 
Holm apparatus. Phenol, metacresol (and other cresols) were inactive as 
anti-oxidants. The dihydroxy benzenes of the ortho and para types 
possessed marked anti-oxygenic properties but the meta type was inactive. 
Of the trihydroxy benzenes, pyrogallol was very active as an anti-oxidant, 
while phloroglucin was but feebly active. 

Hydroquinone, which is very active, was inactivated by forming the 
diacetate, indicating that the hydroxyl groups are responsible for the anti- 
oxidant effect. Alpha-naphthol was ten times more active than 6-naphthol 
and a-naphthoquinone was more active than its 8 counterpart. 

Mattill suggests that biological oxidations may be governed, in part, by 
the presence of traces of oxidation inhibitors. He points to the fact that 
epinephrine is an ortho dihydroxy compound and thyroxine a para com- 
pound. Carotene is more stable (when fed as a source of vitamin A) in 
peanut oil than in mineral oil. He explains this by postulating the presence 
of anti-oxidants in the peanut oil. He appears to ignore the fact, however, 
that the mineral oil may not have been absorbed, resulting in a loss of 
carotene due to excretion of unabsorbed carotene. 


Enzymes 


Since Sumner’s announcement (21) in 1926 that he had succeeded in 
preparing a very active crystalline urease, considerable work has been pub- 
lished to indicate that urease and other enzymes are capable of existing in 
crystalline form and that the crystalline structure consists of globulin or a 
type of protein closely resembling globulin. Northrup and Kunitz (22) 
have described a crystalline pepsin and, during the past year, have an- 
nounced (23) the preparation of a crystalline trypsin. A similar announce- 
ment regarding the preparation of a crystalline amylase was made during 
the past year by Caldwell, Booher, and Sherman (24) of Columbia Uni- 
versity. 

Waldschmidt-Leitz and Steigerwaldt (25), however, contend that the 
crystalline protein is not of itself enzymic, for the reason that they were 
able to subject crystalline urease to proteolytic hydrolysis until no protein 
precipitation was possible by sulfosalicylic acid, without destroying ureo- 
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lytic activity. Since hydrolysis did not inactivate the enzyme, these 
authors are inclined to the belief that the crystalline protein is but a 
carrier for the enzyme and that the protein is probably no more than an 
accessory concomitant of the pure (urease) enzyme. 

In direct opposition to this view are those of Zakowski (26), who de- 
scribes similar experiments in which the activity of crystalline urease 
diminished during hydrolysis of the crystallized protein. He concludes 
that his data point to the identity of crystalline globulin with urease. 

Within the past few weeks Waldschmidt-Leitz and Reichel (27) describe 
experiments which tend to show that pure active amylase preparations 
are protein-free. 

No review of enzyme research can be made without referring to the re- 
cent investigations of Dubos and Avery (28). These writers describe a 
well-planned, systematic series of experiments on Type III Pneumococcus. 
It has been known that the capsule of this organism consists of a poly- 
saccharide. Attempts to hydrolyze the polysaccharide with HCl were 
accompanied by loss of reactivity in specific antisera. These results sup- 
ported their conviction that the capsular polysaccharide was responsible 
for the type specificity of Type III Pneumococcus. 

To obtain more evidence they turned to the enzymes and for several 
years a systematic search yielded no results. Finally an organism was ob- 
tained from a New Jersey cranberry bog which possessed the power of hy- 
drolyzing the capsular polysaccharide. 

After a very interesting series of experiments they were able to isolate a 
relatively potent endocellular enzyme which was specific in removing the 
capsular polysaccharide in the presence of serum and at a pH close to 7. 

As a fitting climax to this excellent research, they injected potent prepa- 
rations of this enzyme into mice and found no harmful effects. Subse- 
quent studies showed that the new enzyme preparation protected mice 
against infection with Type III Pneumococcus. In mice in which infection 
was established, the enzymes exerted a favorable influence. 

Dubos and Avery feel that the reaction is a chemical rather than an 
immunological one. Their data indicate that the capsule is a decisive factor 
in determining the fate of pneumococci in the animal body and that it is 
vulnerable to specific agents other than anti-bodies. While they have no 
direct proof for their theory, they feel that the disappearance of the poly- 
saccharide capsule may prepare the organism for phagocytosis. 

While the authors, in their conservatism and modesty, say little or noth- 
ing regarding the possibility of preventing and curing pneumonia in hu- 
mans—it is my humble opinion that the medical profession is one step 
nearer the control of another dread disease as a result of assistance and 
codéperation of the handmaidens of medicine—bacteriology and _bio- 
chemistry. 
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THE FRONTIERS OF SCIENCE* 


Max TRUMPER, MEDICAL ARTS BUILDING, PHILADELPHIA, PENNSYLVANIA 


The sciences are separated from each other by barriers as arbitrarily erected 
and as shifting as those of the political map. These barriers have been suffi- 
ciently accepted to make the orthodox research worker confine his studies to 
problems well within the border. Thus the zones of knowledge bordering on 
the specialties have become an intellectual No Man’s Land. As a result we 
often have scientific isolation with an accumulated mass of unused information 
and a viewpoint distorted because it has not been correlated with adjacent 
knowledge. This specialized knowledge needs to be reassembled and inte- 
grated—we must reconstruct the whole from its parts. 


Organized knowledge has been divided into areas which we call “‘the 
sciences’ and which are separated from each other by barriers just as arbi- 
trarily erected and just as shifting as those of the political map. Bordering 
these dividing lines of the sciences are zones little explored by the average 
scientist since they appear to be a little too close to the territory of a science 
across the border. Yet with each decade that passes such frontiers are 
steadily advancing. What was once well within the boundaries of an older 
science has now become the frontier of a specialty. Take, for instance, the 
field of medical chemistry. We now have physiological chemistry, bio- 
logical as well as biophysical chemistry, phyto as well as photo-chemistry 
(the latter, one of the newest branches of physical chemistry), clinical 
chemistry, psycho-biochemistry, and even pathologic chemistry—not to 
mention others. Each one of these specialties constitutes a field of knowl- 
edge sufficiently extensive for a man to know much within it and little out- 
side of it. While the specialties have not been absolutely defined, they 
have been sufficiently accepted to make the orthodox research worker con- 
fine his studies to problems well within the border. As a rule the young 
scientist has studiously avoided the uncertain area of the frontiers of his 
specialty. To approach the neighboring specialty in his researches would 
seem to render them less scientific, or himself a dilettante. Thus the zones 
of knowledge bordering on the specialties have become an intellectual no- 
man’s land. 

An individual who has become an expert in a given specialty habitually 
looks at any new problem from the point of view of his training. He tends 
to place undue emphasis on the value of his own subject. The specialist 
should be on his guard against assuming that the problem before him is 
confined to the limits of his specialty. It may have its roots in a neighbor- 
ing field. Dr. Spoehr of the Carnegie Laboratory has remarked that the 


study of photosynthesis had been kept back a hundred years because it 


* This paper was read last winter before the faculty and students of biological chem- 
istry and the School of Agriculture of the Pennsylvania State College, State College, Pa. 
1373 


1374 JOURNAL OF CHEMICAL EDUCATION Aucust, 1932 


was side-tracked by happening to be classified under plant physiology, 
Often the progress in a neighboring field contributes more to the advance- 
ment of the science across the border than it does to its own immediate 
subject. 

For the past few decades many colleges and universities have had ex. 
cellent courses in physics and chemistry. Yet the merger of these two sub- 
jects has taken place reluctantly over a period of years. It remained for 
outsiders—two botanists, Pfeffer in Germany in 1877 and DeVries in Hol- 
land in 1884—to initiate the experiments which marked the birth of physi- 
cal chemistry. They studied the movement of sap and measured the os- 
motic pressures of salt and sugar solutions. Then van’t Hoff and the 
Swedish chemist, Arrhenius, reared this infant science, physical chemistry, 
to a healthy maturity. In 1887 Arrhenius postulated that when electro- 
lytes were dissolved in water they were dissociated into their corresponding 
ions and that it was these ions which conducted the electric current. His 
theory of ionic dissociation revolutionized chemistry and has undergone 
but slight alteration even in the recent researches of physicists and physical 
chemists. Yet only during the past decade has Arrhenius’ concept been 
applied widely in science and in industry. Many universities were for 
years firmly opposed to a course in physical chemistry, and finally when the 
teaching of physical chemistry was permitted this specialty was tolerated 
like a stepchild. Scientists are naturally cautious about accepting new 
concepts but it is difficult to decide where caution ends and prejudice or 
ignorance begins. Why did this theory of incomplete ionic dissociation 
take two decades to become generally accepted by the specialists in chemi- 
cal science? I think our answer is to be found in Pasteur’s statement con- 
cerning the opposition of the leaders of science in his day to his revolu- 
tionary work—founding the new science of bacteriology. Pasteur said, ‘If 

it is painful to tenants to leave a house in which they have spent their 
youth, what must it be to break with one’s whole education?” 

Yet, though slow to accept new theories, scientists often overrate those 
concepts when once accepted. They await for an abundance of experi- 
mental data which often require years of research and discussion, but then, 
when they are sure beyond any doubt, enthusiasm replaces caution, and the 
pendulum swings to the other extreme. In the recent past the chemical 
literature has been crowded with reports on H-ion studies. While many 
of these studies are of significance, pH represents only a good tool—a new 
and finer scale of measure—but does not tell the whole story. In this con- 
nection I quote from that internationally known French chemist, Emeritus 
Professor Henry M. Le Chatelier, the man who established the laws of 
chemical equilibrium which bear his name. He says, “All the actual 
theory involving pH will perhaps profit, if the concentration of that fic- 
titious entity known as ‘hydrogen ion’ is replaced by the product of two 
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concrete values: the concentration and the strength of the acid, the latter 
being measured by the equilibrium constant of the acid against a given 
standard salt. Very probably, the future will see marked changes in the 
theories as to the electrolytic composition of solution, while the concentra- 
tion and the strength of an acid are immutable magnitudes.’’ When a 
specialty thus becomes for a time the fashion there is danger that enthusias- 
tic workers who know neither the significance nor the limitations of the 
subject merely make the mechanical measurements, so that their research 
may include the latest thing in chemistry. For instance, we all know the 
value of the quantitative method in science. But recently some enthusiast 
has stated that ‘investigation becomes scientific only when it becomes 
quantitative.’’ Any biochemist, however, knows that the quantitative 
method is but one of the many tools of the investigator. 

As Dr. Charles Beard has said, ‘“‘Every field of human endeavor is so vast 
that the workers therein are driven, in their endeavor to see things as they 
really are, farther and farther into details of their subject. They then 
easily forget the profound truth enunciated by Buckle that the science of 
any subject is not at its center but at its periphery where it impinges upon 
all other sciences.” 

Therefore, a problem lying on the borderline of specialties is apt to be 
neglected. This has been true of the non-breathing new-born child, a 
problem which borders on the specialties of obstetrics, pediatrics, and 
medicine. The history of this problem illustrates that what is the business 
of each becomes the business of none. Professors Henderson and Haggard 
of Yale introduced the breathing apparatus now known as the H-H respira- 
tor containing 7% carbon dioxide and 93% oxygen. This apparatus was 
designated to combat respiratory failure in a variety of conditions such as 
drowning, alcoholic coma, drug poisoning, and in the new-born child. Pro- 
fessor Henderson has stated, ‘“‘During the last twenty years my associates 
and I have kept up a nearly continuous campaign of propaganda for the 
practical application of the modern theory of respiration. We have urged 
the inhalation of carbon dioxide diluted in air or in oxygen.” The special- 
ists in medicine were too conservative in the use of the H-H apparatus. 
But the firemen were not hampered by any consciousness of the limits of a 
specialty nor by any theoretical objections. The fire departments in a 
number of cities had the Henderson-Haggard breathing apparatus before 
the hospitals did and many lives were saved by hospitals calling for the 
rescue squads of the fire departments. 

The importance of inter-science knowledge is well illustrated in the re- 
cent invention of the ‘‘Drinker Respirator” for prolonged administration of 
artificial respiration. The medical profession has long been in need of such 
an apparatus—to combat especially the prolonged respiratory failure in 
infantile paralysis. Mr. Philip Drinker of Harvard is a chemical engineer 
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with a knowledge of the fundamentals of a neighboring science. His so- 
called ‘‘mechanical lung’’ is essentially a metal cylinder large enough to 
enclose the body of a patient in bed—-with the head protruding through a 
loose-fitting rubber disk. The air pressure within the tank is changed al- 
ternately at the rate and pressure which are within the physiological range 
desired. ‘This apparatus is used in many hospitals of the country and a 
small one on similar lines is used for treating asphyxia of new-born babies, 
It has saved many lives, 

Pioneer investigators have learned that the less-known territories along 
the frontiers of the specialties offer a fertile field for research, To equip 
themselves for exploring these areas—they have trained themselves in 
more than one science. They are heedless as to whether they are classified 
as physicists or chemists, clinical chemists or chemical pathologists, or as 
hyphenated scientists such as psycho-biochemists. The late Jacques Loeb 
in response to the query as to whether he was a physicist or a chemist re- 
plied, ‘‘I am a student of problems.’’ The primary concern of such a 
scientist is with the problem in which he is doing research—if it leads him 
across the border so much the better, for the frontier holds opportunities for 
discovery. 

It is true that discoveries and inventions are easier in the new or younger 
branches of science. But opportunities will of their own nature continue to 
exist for the reason that “science in the very act of solving problems creates 
more of them.’’ Many advances may: be termed ‘‘progress-born evils.’’ 
Those scientists who invent new machines or new processes often make it 
necessary sooner or later for other scientists to prevent or cure the unlooked- 
for ills which arise from their inventions. Since we are in an age of new 
inventions, we are also in an age of new ills. Recent inventions designed to 
bring comfort, convenience, and sanitation into our homes have also brought 
with them certain perils the extent of which we are only beginning to 
realize. An illustration is the modern method of refrigeration. The great 
majority of the electric and gas refrigerator systems now use ammonia or 
sulfur dioxide, both of which are poisonous. When the electric refrigerators 
were introduced, the refrigerating engineers were concerned only with the 
problem within their specialty. The hazards to the health of the people 
using these refrigerators were given scant attention. An engineer who 
wrote a textbook on the principles of refrigeration stated that methyl 
chloride was so harmless that it could be used as an anesthetic. He forgot 
that an anesthetic will be fatal unless the dosage is controlled. And 
methyl chloride is insidious because it has no warning odor. Another 
textbook on refrigeration by an associate professor states that methyl 
chloride is slightly anesthetic but not unpleasant to inhale except that some 
persons are nauseated by the gas. In the summer of 1929 a number of 
people in Chicago died from methyl chloride, a condensible toxic gas used 
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in some refrigerators. In this instance the refrigerating engineers failed to 
consult with the specialists in toxicology who subsequently advised the 
need for a warning agent such as acrolein, which has a characteristic irri- 
tating odor. With the introduction of these modern systems of refrigera- 
tion as well as the new systems of heating houses has come a new set of gas 
hazards in fires. Conflagration may release the toxic gases of refrigerating 
systems. The new fuel oil burners give out a specifically irritating type of 
smoke, and the portable fire extinguishers containing carbon tetrachloride 
may prove more of a hazard than the fire which they are designed to ex- 
tinguish. These new fire extinguishers should never be used in an enclosed 
space, for the vapors of carbon tetrachloride are suffocating and in suffi- 
cient concentration will extinguish life itself. 

The subdivision of each field of knowledge into many specialties has been 
of fundamental importance. Thus the splitting up of a young science 
like biochemistry has resulted in a vast accumulation of facts within the 
many biochemical specialties. But we should not forget that these sub- 
divisions of science are man-made and the separation is not permanent. 
Today the need for correlating the information of the specialties has be- 
come an urgent necessity. The multitudinous data piled up by the special- 
ists in biochemistry constitute in themselves a field for research. 

There is a need for the frontiersman, the man who, from a knowledge of 
more than one branch of learning, can look across the border, find new 
meaning for the facts already discovered there, and work in coéperation 
with those who have long specialized in that field. Let me quote from 
one who represents just such pioneering—Dr. Oliver Wendell Holmes. 
He says, ‘The recording of facts is one of the tasks of science, one of the 
steps toward truth, but it is not the whole of science. There are one-story 
intellects, two-story intellects, three-story intellects with skylights. All 
fact collectors, who have no aim beyond their facts, are one-story men. 
Two-story men compare, reason, generalize, using the labors of the fact- 
collectors as well as their own. Three-story men idealize, imagine, pre- 
dict: their best illumination comes from above, through the skylight.” 











GEOFFREY CHAUCER AND ALCHEMY 


FREDERIC WALKER, PERTH AMBOY, NEW JERSEY 


A description of alchemy and the activities of alchemists in the fourteenth 
century is found in one of the Canterbury Tales of Geoffrey Chaucer (1340- 
1400). The tale is therefore a valuable document for the student of the history 
of chemistry. The present paper gives a synopsis of Chaucer's picture of 
alchemy as found in this story and an abridged translation of the tale itself. A 
list of the alchemical terms used by Chaucer together with their meanings in 
modern English has been included. 


Geoffrey Chaucer has given us in ‘“‘The Canon’s Yeoman’s Tale” of 
“The Canterbury Tales’ an interesting picture of alchemy as seen by a 
contemporary in England in the fourteenth century. Such glimpses of 
early science recorded by great writers of long ago are replete with interest 
for the scholar. They give usa picture filled with local color and saturated 
with the attitude of the times. The student of the history of chemistry 
is especially fortunate in having several documents of this sort at his 
disposal. A few of these literary side-lights on early chemistry have been 
brought to the attention of the readers of the JOURNAL OF CHEMICAL 
EpucaTION quite recently. In the paper, ‘“‘Jean de Meun and Alchemy” 
(1), the writer discussed an interpretation of the theories of the alchemists 
set forth in poetry by one of the greatest writers of early France. In 
Professor Jordy’s playlet, ‘‘How Times Have Changed!” (2), an interesting 
abridgment of Ben Jonson’s “The Alchemist’? was used effectively. 
“The Alchemist” supplies us with a striking sketch of the activities of an 
alchemistic quack in Elizabethan England and the reception which was 
accorded him. The present paper has to do with a somewhat similar 
portrait of an equally unscrupulous representative of the hermetic art. 

It should be remembered, however, that although both Jonson and 
Chaucer give us stories of alchemists that are scarcely complimentary to 
the reputation of their science, alchemists were not all mountebanks and 
thieves. Certainly in Chaucer’s time this was not the case and in the 
prologue to ‘“‘The Canon’s Yeoman’s Tale” one finds evidence that at 
least a somewhat more honest type of alchemist existed. Their industry 
and devotion to their science is certainly made plainly evident. One 
even finds a fair excuse for the unscrupulousness that was occasionally 
displayed by them. In his prologue, the yeoman tells us that they often 
consumed all they had in their researches and then, in a frenzied attempt to 
continue ‘‘the great work’ by whatever means, borrowed right and left, 
always hoping that the last coin borrowed might bring them to success. 
“Yet is it fals,” says the Canon’s yeoman and the only outcome of the long 
research for the puzzled philosopher was that he would ‘‘empte his purs 
and make his wittes thinne.” Chaucer’s interest is not in telling us of 
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the true alchemist who was interested solely in proving by scientific ex- 
periment an hypothesis of philosophy, but rather of that lesser band of 
scientists, enslaved and corrupted by the love of gold, who saw in science 
only a means to wealth. On the subject of these men Chaucer preaches a 
lesson that remains as timely now as in the days when it was first written. 

In the first part of ““The Tale,’”’ the Canon’s yeoman gives a brief sketch 
of alchemical theory and practice as gathered from the alchemists by an 
unlearned man. He names the four spirits: quicksilver, orpiment, sal 
ammoniac, and sulfur, and the seven bodies. The following quotation will 
give the latter as they are set forth in the text: 


Sol gold is, and Luna silver we threpe, 
Mars yren, Mercurie quik-silver we clepe, 
Saturnus leed, and Jupiter is tin, 

And Venus coper, by my fader kin. 


The aim of alchemy he centralizes in the preparation of the philosopher's 
stone, called the elixir, with which the base metals could be turned to gold. 
He then describes the agents and apparatus used in the work and tells of 
some of the processes that they carried out. Many of the accidents and 
reverses endured by the alchemists are mentioned. The narrator rather 
amusingly describes the smell of sulfur from the smoky laboratories which 
clung to them so that they could always be recognized by it. 


And evermore wher that ever they goon 
Men may hem knowe by smel of brimstoon; 
For al the world, they stinken as a goot. 


In the Canon’s yeoman’s description of the alchemists’ constant activity, 
one can see easily that however inadequate their theories may have been, 
they certainly must have uncovered a great deal of fact. One can under- 
stand how, from their repeated observations and experiments as a foun- 
dation, the science of chemistry did at last emerge. This description of 
the alchemists agrees well with Paracelsus’ account of the Spagiric doctors: 
“They pass their time in laboratories. They wear rough leather pants 
and a leather apron on which they wipe their hands. They are willing to 
put their hands in charcoal and filth. They work in the fire ceaselessly 
to learn the secrets of their art, the degrees of alchemy.” 

The following translation which has been prepared by the writer is an 
abridgment of the tale told by the Canon’s yeoman. The writer through- 
out has endeavored to keep his translation as literal as possible. No 
translation, however, can do justice to Chaucer’s poetry and the reader is 
urged to turn to a copy of ““The Canterbury Tales” and read for himself in 
the original old English the whole of this interesting story. He will be well 
repaid for his trouble. 
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The Canon’s Yeoman’s Tale (3) 


There is a Canon whom I could put down 
Whose wickedness would poison any town 
Though it were greater far than Nineveh, 

Or Rome, or Troy, or Alexandria. 

His many tricks, his falseness infinite, 

I do not think that any man could write 
E’en though he might survive a thousand years 
For falsehood in this world he had no peers. 
Worshipful Canons, now I pray you, mind, 
Think not that I speak evil of your kind. 
Although my story of a Canon be, 

In every order there is one, pardee! 

Who errs, and God forbid that all should rue 
The wicked things that one false man can do. 
Even among the chosen twelve of Christ, 
Judas alone was false when sin enticed. 
Then why should all the remnant have the blame 
That guiltless were. For you I say the same; 
Save only this, if you will list to me, 

If any Judas in your church should be, 

Go cast him out betimes, I tell you here 

If shame or loss can cause you any fear. 


Now this false Canon came upon a day 

To a good priest who in his chamber lay, 
Beseeching him a loan in language plain 

Saying that he would pay it him again. 

“Loan me a mark but for three days,’’ quoth he, 
‘“‘And on my day I'll pay it all to thee.”’ 

The priest gave him the mark upon his word 
And many oft-repeated thanks were heard. 

The Canon took his leave and went his way 

But came again upon the stated day 

Bringing the gold as he had said he would, 

At which the priest was glad and thought him good 
“Certes,” he said, “It truly pleases me 

‘To loan a man a noble, two or three 

“Or anything I have, when he like you 

“Ts to his given word completely true, 

‘And in no wise will fail me on his day. 

‘“‘To such a man I never can say nay.” 

“What,” quoth the Canon, “Should I be untrue, 
“For me that were a thing entirely new. 

‘Faith is a thing that I will ever keep 

‘Until that final day in which I creep 

“Into my grave. Forbid aught else. Now heed, 
“These words are just as certain as your creed; 
‘“‘And now a secret I'll impart to thee, 

“Since you have been so kindly unto me. 

“T’ll show you if you wish to learn today, 
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““My hidden knowledge and the secret way 

“By which I work in deep philosophy. 

“Now take good heed, my friend, for you shall see 
“A master-stroke I'll do before I go.” 

“Verily,’”’ said the priest, ‘‘Then be it so.”’ 

“Sir,”’ said the Canon, ‘‘Let your man go out, 
“And buy quicksilver somewhere hereabout, 
“And let him bring of ounces, two or three. 
‘‘When he returns, then quickly shall you see 

“A thing you never saw beneath the sun.”’ 

“Kind Canon,” quoth the priest, “It shall be done.” 
The servant of the priest was quickly sent, 

For at his master’s bidding forth he went, 

And bought the quicksilver and came again 

Just as the wily Canon did ordain 

Who then commanded coals should be brought in 
So that the wonder-work might soon begin. 

The charcoal brought, the Canon then said, “See, 
“Here is a crucible I brought with me.” 

Whereon he gave it to the watching priest; 

“This instrument,”’ he said, ‘‘Which that thou seest, 
“Take in thy hand and put thyself therein 

“Of quicksilver an ounce and we begin.” 

“This quicksilver shall change before your eye 
“To purest finest silver. Tis no lie. 

“This silver shall be good and quite as fine 

“As any that is in your purse or mine. 

“T have a powder which has cost me dear 

“A powder that will work these wonders here. 
“Send out your man, for we must be alone 

“For these be things which very few have known.” 
The master shut the door upon his man 

And then their labor they at once began. 

The priest now at this cursed man’s desire 

Did place the crucible upon the fire. 

Then with the bellows mightily he blew, 

And in the crucible the Canon threw 

The’ powder. (What it was I cannot say, 

Some powdered glass, a piece of chalk or clay, 

Or something else that was not worth a fly, 

To fool the priest.) The Canon now did cry 
That charcoal he should lightly place above 

The crucible. ‘In token of my love,” ; 

The Canon said, ‘“Thy own two hands shall do 
“This master work and bring it safely through.”’ 
“Gramercy,” quoth the priest and was full glad, 
And laid on charcoal as the Canon bade. 

Then while he was at work this fiendish wretch 
(I hope his wily soul the fiend will fetch.) 

Out of his bosom took a hollow coal 

In which most cleverly through one small hole 
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An ounce of silver shavings had been poured 
And held with wax so they were safely stored. 
He took this coal and held it privily 

While the poor priest was working busily 

Laying the coals as I have said e’re this 

And cried, ““My friend, you’re placing them amiss. 
“You have not put them as they ought to be, 
“But I will quickly fix them,” thus quoth he. 
“Just let me do the labor for awhile 

“For I have pity on you, by Saint Gyle. 

“You are right hot for I can see you sweat, 
“Just take this cloth and wipe away the wet.” 
Then while the simple priest did wipe his face, 
He took his coal and with ill-favored grace 

He laid it right above the crucible 

And blew the furnace bellows then full well. 
Thus when the fire had burnt his hollow coal 

The molten silver ran from out the hole. 

Now from the fire he took the metal clear 

And poured it in a mold with merry cheer, 

And in a water vessel cast it down, 

Then took the priest and caught him by the gown. 
“Look what is here? Put in thy hand and grope 
“For now thou shalt find silver as I hope.”’ 

What! Devil of Hell, what else sirs could it be? 
Shaving of silver, silver is, pardee! 

The priest put in his hand and found a bar 

Of finest silver, pure, without a mar. 

Now when the priest perceived that this was so, 
What pleasant joy his simple heart did know. 
“‘God’s blessing on you without any end, 

“And all the saints reward you, my good friend.” 
He said, ‘“Will you vouchsafe to teach to me 
“This noble craft and this fine subtlety.”’ 

“T will,” the Canon said, ‘‘for forty pounds, 
“The price is low but ’tis on friendship’s grounds.” 
The priest then fetched the coins and it was done. 
The wily Canon took them every one 

And said farewell and went upon his way. 

The priest has never seen him to this day. 

Then afterwards when this poor priest, when he 
Tried the receipt, farewell, it would not be. 
Consider, Sirs, how in each walk of life, 

The love of gold brings men to sin and strife 

That all must suffer, here, beneath the sun 

This money making blinds so many a one. 


Appendix 
In ‘“‘The Canon’s Yeoman’s Tale,” Chaucer makes use of a considerable 
number of alchemical terms and since these terms as used by Chaucer 
should be of interest to the student of history of chemistry, the following 
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glossary has been added to the present article. In it will be found all the 
alchemical words used in Chaucer’s tale as they appear in the original 
text. Most of these words come from the Canon’s yeoman’s dissertation 
on alchemy in the first part of the tale. The meanings of the terms have 
in general been taken from the glossary of Skeat’s edition of Chaucer (3) 
but where these meanings did not seem to be adequate, various chemical 
authorities were sought. The glossary of alchemical terms in Holmyard’s 
edition of the works of Geber (4) was found to be especially useful. 


ALCHEMICAL REAGENTS 


alkaly: alkali 

alum: alum 

argotle: argol, crude tartar, crude potas- 
sium tartrate 

arsenik: arsenic 

asshes: ashes 

berm: barm, 7. e., yeast 

bole armoniak: a pale red, soft Armenian 
clay, greasy to the touch 

boles galle: bull’s gall 

boras: borax 

brent bones: burnt bones 

brimstoon: brimstone, sulfur 

chalk: chalk 

chalkstoon: a piece of chalk 

cley: clay 

cley maad with hors or mannes heer: clay 
made with the hair of horses or men 

coper: copper 

dong: dung 

egremoine: agrimony (an herb) 

elixir: the Philosopher’s stone; Arabic 
al-iksir 

eyr: air, gas 


fyr: fire 

glas: glass 

gleyre (of an ey): white (of an egg) 
gold: gold 

herbes: herbs 

leed: lead 


limaille, lymaille: filings of any metal 

litarge: litharge, lead oxide (PbO) 

lunarie: lunary, moon-wort (an herb) 

magnesia: included manganese dioxide 
and magnetite, as well as (possibly) our 
present-day magnesia 

mercurie: mercury 

metal fusible: some fusible metal or alloy 

oile: oil 


otle of tartre: oil of tartar, deliquesced 
potassium carbonate 

orpiment: arsenious sulfide, orpiment 

papeer: paper 

philosphres stoon: the Philosopher's stone 

pisse: urine 

quik-silver: quicksilver, mercury 

resalgar: realgar, native arsenic disulfide 

sal armoniak: sal ammoniac, ammonium 
chloride 

sal peter: saltpeter, potassium nitrate 

sal preparat: prepared salt, salt from sea 
water 

sal tartre: salt of tartar, potassium car- 
bonate 


salt: salt 
silver: silver 
tin: tin 


titanos: calx, the product of calcination 

unslekked lym: unslaked lime, quick-lime 

verdegrees: verdigris, basic cupric acetate 

vitriole: vitriol, a sulfate, sometimes 
ferrous sulfate 

watres corosif: acids 

watres rubifying: reddening waters, per- 
haps nitric acid 

wex: wax 

wort: unfermented beer, wort 

yren squames: iron scales, rust (?) 

yren: iron 


ALCHEMICAL APPARATUS 


alembyke: alembic; the alembic was the 
upper portion of the vessel used by the 
alchemists for distillations 

croslet: crucible 

cucurbite: cucurbit; the lower part of 
the distillation vessel, below the alembic 

descensories: special vessels used for the 
reduction of a metallic calx in which 
the fused metal flowed down into a 
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receiver at a lower level (Holmyard); 
vessels used for extracting oils per 
descensum (Tyrwhitt, quoted in Skeat’s 
glossary) 

fourneys: furnace 

ingottes: molds for pouring metal 

porphurie: a slab of porphyry used as a 
mortar 

sublimatories: vessels used for sublimation 

testes: vessels for assaying metals 

leyne: a thin plate of metal 

urinales: flasks 

violes: vials 


ALCHEMICAL PROCEDURES 


albificacioun: albefaction, whitening 
amalgaming: amalgamation 
ascencioun: ascension, vaporizing 
assaye, assay: test, assay 


calcenin ee : 
Sites > calcination, the conversion 
calcinacioun | 
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of a metal into a powder or an ash by 
combustion 

cementing: cementation 

citrinacioun: citrinizing, the process of 
turning to a yellow color 

coagulat: clotted, implies the alchemical 
process of coagulation 

enbibing: absorption 

encorporing: incorporation 

enluting: securing with “lute,’’ daubing 
with clay, etc., to exclude air, luting 

fermentacioun: fermentation 

fixe: fixed; when a volatile substance was 
made non-volatile it was said to be 
fixed; the process was known as fixation 

induracioun: hardening 

mollificacioun: softening 

mortifye: to kill, to produce change by 
chemical action 

multiplicacioun: multiplying, 7. e., the art 
of alchemy 

sublyming: sublimation 
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THE DISCOVERY OF THE ELEMENTS. XII. OTHER ELEMENTS 
ISOLATED WITH THE AID OF POTASSIUM AND SODIUM: 
BERYLLIUM, BORON, SILICON, AND ALUMINUM* 


Mary ELvirA WEEKS, THE UNIVERSITY OF KANSAS, LAWRENCE, KANSAS 


The discovery of beryllium resulted from the Abbé Hatiy’s observation of the 
close similarity and probable identity of beryl and the emerald. At his sugges- 
tion Vauquelin made some very careful chemical analyses of these two minerals, 
and found in 1798 that they are indeed identical, and that they contain a new 
earth, which he named glucina, but which is now known as beryllia. The 
metal was isolated thirty years later by Wéhler and Bussy independently, 
Boron was isolated in 1808 by Gay-Lussac and Thenard in France and by 
Davy in England by reduction of boric acid with potassium. Although 
amorphous silicon was prepared by Berzelius in 1823, the crystalline form was 
not obtained until more than thirty years later, when Henri Sainte-Claire 
Deville prepared it by an electrolytic method. Aluminum was isolated in 1825 
by the Danish physicist, Oersted, and two years later Wohler prepared it by a 
better method. Successful commercial processes for the manufacture of this 
important metal were perfected by Henri Sainte-Claire Deville, by Charles 
Martin Hall, and by Dr. Paul L. T. Héroult. 


Aber neue Phaenomena zu erklaren, dieses macht meine 
Sorgen aus, und wie froh ist der Forscher, wenn er das so 
fleissig Gesuchte findet, eine Ergétzung wobei das Herz 
lacht (1). 
Beryllium 
In speaking of the discovery of beryllium Fourcroy once said, ‘‘It is to 
geometry that we owe in some sort the source of this discovery; it is that 
[science] that furnished the first idea of it, and we may say that without 
it the knowledge of this new earth would not have been acquired for a 
long time, since according to the analysis of the emerald by M. Klaproth 
and that of beryl by M. Bindheim one would not have thought it possible 
to recommence this work without the strong analogies or even almost 
perfect identity that Citizen Haiiy found for the geometrical properties 
between these two stony fossils’ (5). 
As a result of his analysis of a Peruvian emerald, Klaproth had stated 
that this gem has the following composition: 


Silica, ‘‘silex’’ Alumina, ‘‘alumine or argil’’ Iron oxide 


66.25% 31.25% 0.50% 


To explain his extravagance he said, ‘‘For the specimen of emerald sacrificed 
to this analytical process, I am indebted to the liberal kindness of Prince 
Dimitri Gallitzin, whose zeal for the study of mineralogy is most honourably 
known” (22). 

* Illustrations collected by F. B. Dains of The University of Kansas. 
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Beryl had also been analyzed by 
Bergman, Achard, Bindheim, and 
Vauquelin, and was supposed to be 
a calcium aluminum silicate (23). 
The identity of beryl and the emerald 
was not suspected until the famous 
French mineralogist, the Abbé Haiiy, 
made a careful study of their crystal 
forms and physical properties and was 
so struck by the similarity of the 
two minerals that he asked Vauquelin 
to analyze them chemically. 

Although the latter had previously 
overlooked the new earth because of 
its similarity to alumina, he found in 





















1798 that the hydroxide that precipi- 
tates when caustic potash is added to 
“acid solution of the beryl does not 


3 Flissolve in an excess of the alkali. 


It also differs from alumina in other 
respects, for it forms no alum, it dis- 
solves in ammonium carbonate, and 
its salts have a sweet taste. Vau- 
quelin’s paper read before the French 
Academy on “‘le 26 pluviose an VI” 
of the Revolutionary Calendar, or 


From ‘‘La Science Frangaise,’’ Dept. Public 
Instruction, Paris 
René&-Just Haty 
1743-1822 

French mineralogist. He deduced 
the fundamental laws of crystallog- 
raphy, and explained cleavage by pos- 
tulating that a crystal is built up of 
small similar parallelopipeds. He was 
the first to recognize that bery} and the 
emerald are geometrically identical. 
Vauquelin’s proof of their chemical 
identity, made at the suggestion of 
Haiiy, led to the discovery of the ele- 
ment beryllium. 





about the middle of February, 1798 

(6), (23), proved that beryl and the emerald have the same composition, 
and that they contain silica, alumina, and a new earth, a sample of which 
he presented to the Academy. At the suggestion of the editors* of the 
Annales de Chimie et de Physique, he called the new earth glucina, meaning 
sweet. The specimen of beryl that Vauquelin analyzed was presented to 
him by ‘‘Citizen Patrin, whose zeal for the advancement of the sciences is 


‘well known to every one of their cultivators’’(23). 


Vauquelin believed that Bergman’s incorrect conclusions as to the 
chemical nature of the beryl had been caused by the unwillingness of his 
“active mind to submit to the details of experiment.’’ Thus Bergman, 
and Bindheim as well, had entrusted their analyses to young pupils who 
were incapable of distinguishing a new substance when they saw it. Ac- 
cording to Bindheim’s analysis, the beryl consisted of 64% of silica, 27% 
of alumina, 8% of lime, and 2% of iron (total 101%) (23). 

* Guyton de Morveau, Monge, Berthollet, Fourcroy, Séguin, Chaptal, and Vau- 
quelin. 
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JOHANN FRIEDRICH GMELIN 
1748-1804 


Father of Leopold Gmelin. Pro- 
fessor of chemistry at Tiibingen and 
Géttingen. Famous chemical his- 
torian. His remarkable ‘Geschichte 
der Chemie’’ was published in 1797-99. 





When Vauquelin analyzed a Peruvian 
emerald (25) after his discovery of chro- 
mium and glucina, the results differed 
greatly from his previous ones and from 
those of Klaproth. He found: 


Silica 64.60 
Alumina 14.00 
Glucina 13.00 
Lime 2.56 
Chromium oxide 3.50 
Moisture, or other volatile matter 2.00 

99.66 


J. F. Gmelin’s analysis of a Siberian 
beryl soon confirmed Vauquelin’s con- 
clusions as to the essential constituents 
of that gem, for he found no lime, but 
only silica, alumina, glucina, and a 
small amount of iron oxide (26). 

Since yttria, as well as glucina, forms 
sweet salts, Klaproth preferred to call 
the latter earth beryllia, and it is still 
known by that name. Beryl and the 
emerald are now known to be a 
beryllium aluminum silicate. [BesAl:- 
(SiOs)c. | 


Metallic beryllium was first prepared in August, 1828, by Wohler and 
Bussy independently by the action of potassium on beryllium chloride 
(7), (8). Wé6hler placed alternate layers of the chloride and flattened 
pieces of potassium in a platinum crucible, wired the cover on strongly, and 
heated the mixture with an alcohol lamp. The reaction began immediately 
and took place with such intensity that the crucible became white-hot. 


After cooling it thoroughly, he opened 
it and placed it in a large volume of 
water, whereupon the beryllium sepa- 
rated out as a gray-black powder. 
After washing this insoluble material, 
Wohler saw that it consisted of fine 
metallic particles which could be bur- 
nished to show a dark metallic luster. 
He did not succeed in melting the 
beryllium (8). 

The first person to prepare pure be- 
ryllium by an electrolytic process was 
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the French chemist, P. Lebeau (27), 
(29). After adding potassium or so- 
dium fluoride to pure beryllium fluor- 
ide to make it conduct the current, he 
placed the mixture in a nickel crucible. 
After melting the double salt with a 
Bunsen burner, he placed the positive 
(graphite) electrode in the fluoride 
mixture and connected the nickel cru- 
cible to the negative side of a battery 
of twenty amperes under eighty volts. 
In less than an hour crystals of beryl- 
lium were deposited on the sides of 
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the crucible. After washing them, first with water and then with absolute 
alcohol, and drying them in a vacuum desiccator containing phosphorus pen- 
toxide, Lebeau found that they contained from 99.5 to 99.8% of beryllium. 





JosePpH Louis Gay-Lussac 
1778-1850 


Professor of chemistry at the Ecole 
Polytechnique and at the Jardin des 
Plantes. With Thenard, he prepared 
potassium without the use of a battery, 
and isolated boron. In 1809 Gay- 
Lussac enunciated his famous law of 
combining volumes of gases. 


* See Part IX. 





This research provided the data for his 
thesis for the doctorate in June, 1898. 

Since alloys of beryllium and alumi- 
num are very strong, light, and resis- 
tant to corrosion, they are greatly 
needed for the construction of aircraft, 
and, since the ores are widely dis- 
tributed in Nature, the price of the 
metal may be expected to fall as the 
demand increases (24). 


Boron 


Until the beginning of the nine- 
teenth century, the chemical composi- 
tion of boric (boracic) acid remained 
anenigma. Lavoisier believed that it 
contained oxygen, and had mentioned 
its radical in his list of elements* (20). 
The first proof of the composition of 
boric acid was given in 1808 when Gay- 
Lussac and Thenard in France and 
Davy in England succeeded in de- 
composing it by reduction with potas- 
sium, and in liberating a new element 
which the French chemists called 
bore and which Sir Humphry called 
boracium. 
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Joseph Louis Gay-Lussac was born at St. Léonard, near Limoges, on 
December 6, 1778, and was therefore just eleven days older than Davy. 
After receiving his elementary education in St. Léonard he went to Paris, 
and when he was nineteen years old, he enrolled at the Ecole Polytechnique, 
where he soon became acquainted with his lifelong friend and collaborator, 
Thenard. 

Somewhat later he won the friendship of Berthollet at the Ecole des Ponts 
et Chaussées, who said to him, “Young man, your destiny is to make dis- 
coveries”’ (3). For a time he worked 
with Berthollet’s son in a factory in 
Arcueil where chlorine was used to 
bleach linen. On New Year’s day in 
the year 1802 Gay-Lussac became a 
répétiteur at the Ecole Polytechnique, 
where he often substituted for Four- 
croy in his lectures on chemistry. 

Two years later Gay-Lussac and 
Biot made some daring balloon ascen- 
sions to study the behavior of a 
magnetic needle and the chemical 
composition of the atmosphere at high 
altitudes. On one occasion, when 
they had reached an elevation of 7016 
meters and wished to ascend still 
higher, Gay-Lussac threw overboard 
a number of small objects to lighten 

Lours Jacoves ‘Tuaxae the balloon. A shepherdess in the 
1777-1857 field was astonished to see a white 

Professor of chemistry at the Ecole Wooden chair fall from the sky into 
Polytechnique. Discoverer of hydro- some bushes, and the peasants who 
gen peroxide. Collaborator with Gay- 
Lussac in his researches on potassium, heard her story were at a loss to 
boron, iodine, and chlorine. He also explain why, if the chair had come 
sek . a en a direct from Heaven, the workmanship 

on it should be so crude (3). 





After a period of extended travel and study in Italy with von Humboldt, | 


Gay-Lussac returned to the Ecole Polytechnique and began a long series 
of researches with Thenard. Louis Jacques Thenard,* a carpenter’s son, 
was born at la Louptiére near Nogent-sur-Seine on May 4, 1777. After 
receiving private instruction from the village priest, he went to Paris to 
study chemistry, where, after three years of hard study and severe priva- 
tions, he finally succeeded in winning the recognition of Vauquelin and 
Fourcroy. The latter scientist had befriended the poor peasant boy 


* He always spelled his name thus, without the acute accent over the e. 
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From A ppleion’s ‘Beginners’ Hand-Book of Chemisiry” 
Gay-Lussac AND Biot MAKING THEIR BALLOON ASCENSION 
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Vauquelin in his early struggles, and now Vau- 
quelin in turn helped Thenard to obtain a 
teaching position in a Parisian pension. In 
1798 Gay-Lussac and Thenard met at the Ecole 
Polytechnique, where both later became pro- 
fessors. 
When the news of Davy’s isolation of the 
alkali metals reached Paris in 1808, Napoleon 
Apparatus or Gay-Lussac Provided Gay-Lussac and Thenard with a 
AND THENARD FOR PREPARING —_ powerful voltaic pile. Before it could be set 
POTASSIUM BY REDUCTION OF 
Doraam wivn 1now up, however, they showed that these metals 
can be obtained without a battery simply 
by reducing the caustic alkali with metallic iron at a high tempera- 
ture, a method which Davy soon adopted in preference to his own. 
The potassium which the French chemists prepared in this manner 
was soon put to good use when they attempted to decompose boric acid. 
On June 21, 1808, a note from Gay-Lussac and Thenard was read before 
the Institute. It announced that the results they had obtained by treating 
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From Gay-Lussac and Thenard’s ‘‘ Recherches Physico-Chymiques” 
Tur Great BATrery THAT NAPOLEON PRESENTED TO THE ECOLE POLYTECHNIQUE 


The scale is 25 mm. for 1 meter. Figs. 1 and 2. Elevation and plan of the great 
battery. Figs. 3 and 4. Elevation and plan of two cells. a,a,a. Barrels containing 
liquid for filling the troughs. 0,6,b. Barrels containing water for washing the troughs. 
c,¢,c. Lead siphons for the flow of liquid from the barrels. d,d,d. Conduits for re- 
ceiving liquid from the barrels by means of the siphons, and conducting it into the 
troughs. ¢,e,e. Wires connecting the different cells of the battery. f,f,f. Trough for 
receiving liquid from all the cells by means of the individual troughs, g,g. 
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boric acid with potassium 
could be explained only by 
admitting that that acid is 
composed of a combustible 
substance and oxygen (21). 
At the time this notice was 
read, Gay-Lussac was se- 
riously ill as the result of an 
explosion in which he had 
almost lost his sight (30). 

Before regarding their proof 
as complete Gay-Lussac and 
Thenard wished not only to 
decompose boric acid, but to 
recompose it. On November 
30 of the same year they 
were able to state in the An- 
nales de Chimie et de Physique 
that ‘‘the composition of 
boracic acid is no longer prob- 
lematical. In fact,” said 
they, ‘“‘we decompose and 
we recompose this acid at 
will.’’ Their method was as 
follows: 


To decompose it, place 
equal parts of metal 
[potassium] and very 
pure, vitreous boracic 
acid in a copper tube 
to which a tube of bent 









RECHERCHES 
PHYSICO-CHIMIQUES. 
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PREMIERE PARTIE. 





RECHERCHES SUR LA PILE. 


"' Norne premier soin dans ces recher-_- 
ches, a da étre de nous eccuper de la con- 
‘struction de la grande batterie que !’Ecole 
polytechnique doit 4 la mumificence de S. M. 
Let R. Cette batterie dont nous allons don- 
“ner la description , est composée de six cents 
arenes paces pire tame te Fens 

) de deux plaques, l’une decuivre, 
ae poids d’un kilogramme, et Pautre de 
gine, du poids de trois kilogrammes, a trois 
_ décimétres de cété : la surface-d’une plaque 
__ ¢st par conséquent de neuf décimétres car- 
ete * 











ON THE FirST PAGE OF THEIR ‘‘Recherches 
Physico-Chimiques’’ Gay-Lussac AND THENARD 
THANK NAPOLEON FOR THE LARGE BATTERY 
TuHaT HE Hab PRESENTED TO THE ECOLE POLY- 
TECHNIQUE 


glass is attached. Place the copper tube in a small furnace, with the 


end of the glass tube in a flask of mercury. 


When the apparatus is 


ready, heat the copper tube gradually until it becomes faintly red; 
keep it in this condition for several minutes; then, the operation being 
ended, allow it to cool and take out the material. 


Gay-Lussac and Thenard then gave a detailed description of the experi- 


ment, saying, 


When the temperature is about’ 150 degrees, the mixture suddenly 
glows strongly, which appears in a striking manner if a glass tube 
is used. So much heat is produced that the glass tube melts slightly 
and sometimes breaks, and the air is. almost always driven out of the 


vessel with force. 


From the beginning to the end of the experiment, 


only atmospheric air is released, with a few bubbles of hydrogen gas, 
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which do not amount to the fiftieth part of that given off when the 
metal combines with water. The metal [potassium] is used up de- 
composing part of the boracic acid; and these two substances are 
converted by their mutual reaction into an olive gray material which 
is a mixture of potassium, potassium borate, and the radical of boracic 
acid. Extract this mixture in a tube by pouring water onto it and 
heating slowly, and separate the boracic radical by washing with cold 
or hot water. That which does not dissolve is the radical itself. . . 


By burning the new “radical” in oxygen, or, better still, by oxidizing it 
vigorously with potassium chlorate, potassium nitrate, or nitric acid, Gay- 
Lussac and Thenard were able to make some synthetic boric acid, a sample 
of which they presented to the Institute. As a result of their experiments 
they concluded “that this body, which we now propose to call bore, is of a 
definite nature, and can be placed beside carbon, phosphorus, and sulfur; 
and we are led to think that to pass into the state of boracic acid it requires 
a great quantity of oxygen, but that before arriving at that state it first 
passes through that of the oxide” (21), (38). 

In the following year Gay-Lussac gave an even greater contribution to 
chemistry, his statement of the famous law of combining volumes. In later 
life he taught chemistry both at the Ecole Polytechnique and at the Jardin 
des Plantes. After Courtois discovered iodine in 1811, Gay-Lussac and 
Thenard made a thorough study of its properties, and published their 
results in a memoir now treasured by chemists as a great scientific classic. 
Gay-Lussac died in Paris on May 9, 1850 (3). Davy once said of him, 
“Gay-Lussac was quick, lively, ingenious, and profound, with great activity 
of mind, and great facility of manipulation. I should place him at the head 
of all the living chemists of France’”’ (4). 

Besides carrying out many inorganic researches with Gay-Lussac, 
Thenard made important contributions to organic chemistry. He outlived 
his famous collaborator by seven years, and when he died on June 20, 1857, 
at the age of eighty years, his native village honored him by changing its 
name to La Louptiére-Thenard (3). 

Davy’s method of isolating boron was very similar to that of the French 
chemists. While engrossed in the study of the alkalies, he had passed a 
current through boric acid and had noticed a dark, combustible substance 
at the negative pole, but had not at that time thoroughly investigated it 
(36). In the following year, however, he placed a mixture of boric acid and 
potassium in a copper tube and heated it to dull redness for fifteen minutes. 
When he examined the contents, he found that the potassium had dis- 
appeared and that in its place there was an olive-gray powder which did 
not effervesce when treated with water or with acids. Davy’s paper 
announcing the discovery of metallic boron was read before the Royal 
Society on June 30, 1808 (28), (30). 
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Silicon 

Although Sir Humphry Davy felt certain that silica is not an element, he 
was unable to decompose it with his powerful voltaic pile, and was also 
unsuccessful in his attempts to isolate silicon by passing potassium vapor 
over red-hot silica. Gay-Lussac and Thenard observed that silicon tetra- 
fluoride and potassium react violently when the metal is heated, and that a 
reddish brown, combustible solid is obtained. This was probably very 
impure amorphous silicon (39). 

Berzelius heated a mixture of silica, iron, and carbon to a very high 
temperature, and obtained iron silicide. When he decomposed this with 
hydrochloric acid, silica was precipitated, and the amount of hydrogen 
evolved was in excess of the iron, indicating that some other metal must be 
present (9). 

Berzelius finally showed in 1823 that this other seemingly metallic 
substance was derived from the silica, and succeeded in preparing the 
amorphous form of it by two methods. In the first of these he heated 
potassium in an atmosphere of silicon tetrafluoride gas, as Gay-Lussac 
and Thenard had done, and obtained a brown mass. When this was thrown 
into water, hydrogen was freely evolved, and the new element silicon was 
precipitated as a dark brown, insoluble powder containing potassium 
fluosilicate, which is difficultly soluble. Although Davy, Thenard, and 
Gay-Lussac had all handled the brown powder before, only Berzelius had 
the patience for the prolonged washing required to remove the fluosilicate 
(9), (32). 

In his other method Berzelius heated the potassium fluosilicate with 
excess potassium. The resulting potassium silicide was easily decomposed 
with water, the amorphous silicon settling to the bottom. 


Nothing is easier [said he] than to procure this substance; the 
following is the method I have adopted: The double fluate of silica 
and potash, or soda, heated nearly to redness to drive off the hygro- 
metric water, is put into a glass tube, closed at one end. Bits of po- 
tassium are added and mixed with the powder by fusing the metal and 
gently rapping the tube. It is then heated by the spirit-lamp, and 
before it is red-hot, a feeble detonation ensues and the silicium is re- 
duced. The mass is suffered to cool, and then treated with water as 
long as it dissolves anything. Hydrogen gas is at first evolved, in con- 
sequence of siliciuret of potassium having been formed, which cannot 
exist in water. 

The washed substance [continued Berzelius] is a hydruret of sili- 
cium, which, at a red heat, burns vividly in oxygen gas, although the 
silicium is not thereby completely oxidated; it is then heated in a 
covered platina crucible, the heat being slowly raised to redness. The 
hydrogen alone is oxidated, and the silicium is now no longer combusti- 
ble in oxygen, but chlorine attacks it readily. The small portion of 
silica that is formed may be dissolved by fluoric [hydrofluoric] acid. 
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If silicium has not been exposed to a strong red heat, the acid dis- 
solves it, with a slow disengagement of hydrogen. According to my 
synthetical experiments, silica contains 0.52 of its weight of oxygen. 
Zirconium may be obtained by an analogous process (32). 


Berzelius’ product was impure amorphous silicon. 

The first crystalline silicon was prepared by Henri Sainte-Claire Deville 
in 1854 (9), (31). In the course of his researches on aluminum, he de- 
composed an impure sodium aluminum chloride with the voltaic pile, and 
obtained a gray, brittle, granular melt from which he succeeded in extract- 
ing some shining platelets having a metallic luster. 

Sainte-Claire Deville explained his results by saying that an alloy 
often behaves like a true solution of one metal in another. ‘Thus it 
is,’’ said he, “that carbon, boron, and silicon, dissolving like metals in 
iron and in aluminum, separate from them in cooling, and can be obtained 
in the crystalline state by the use of reagents which act on the aluminum 
and the iron without attacking the carbon, the boron, and the silicon. 
This is the principle of the method which has served for the preparation of 
the last two metalloids in the adamantine state.’”’ In spite of the metallic 
luster of his crystalline silicon, he realized that the element was not a true 
metal. ‘‘On the contrary,” said he, “I think this new form of silicon bears 
the same relation to ordinary silicon that graphite does to carbon” (33), 
(34), (35). 

Aluminum 


Aluminum is the most abundant metal on the earth’s surface and one 
of the most useful ones, yet it remained unknown for many centuries. 
George Ernst Stahl realized that alum contains a peculiar base different 
from all others, but it remained for his disciple, Andreas Sigismund Marg- 
graf, to prove it. Marggraf was born in Berlin'on March 3, 1709, studied 
chemistry and pharmacy first under his father and then under Caspar 
Neumann, took the medical course at Halle, and received further chemical 
and metallurgical training in Freiberg from the famous director of mines, J. 
Fr. Henckel. He devoted fifty years of his life to scientific research, and 
was a pioneer in analytical chemistry. He proved that potash and soda 
are different, that calamine contains a peculiar metal, zinc, and that 
alumina, magnesia, and lime are three distinct earths, and was one of the 
first persons to prepare phosphorus. Marggraf died in his native city on 
August 7, 1782, at the age of seventy-three years. The German editor, 
Crell, called him the most distinguished Getman chemist of his day, and he 
must also have been a great teacher, for he numbered among his pupils 
Franz Karl Achard and Martin Heinrich Klaproth (10), (40). 

The attempts of Berzelius and Davy to use the voltaic current for isolat- 
ing the metal contained in alumina were unsuccessful. Although most 








co 


a win ik: eee Se Se ee Se | 


lt 





1932 


ille 
de- 
ind 
ct- 








Vou. 9, No.8 THE DISCOVERY OF THE ELEMENTS. XII 1397 


chemical historians credit Wéhler with the first isolation of aluminum, the 
claims of Oersted cannot be lightly dismissed (11), (42). 

Hans Christian Oersted (41) was born on Langeland Island in southern 
Denmark in 1777, the year in which Lavoisier overthrew the phlogiston 
theory. His father was a rather un- 
successful apothecary, who had very 
little money for the education of his 
children. Hans Christian learned 
arithmetic alone out of an old 
schoolbook and sometimes received 
a little instruction from private tu- 
tors. When he was twelve years 
old he became his father’s assis- 
tant in the pharmacy, where he 
soon learned to enjoy his chemical 
duties. As he was very anxious to 
attend the University of Copen- 
hagen, he studied conscientiously 
until, at the age of seventeen years, 
he had earned the coveted certificate 
(Reifezeugnis) entitling him to ma- 
triculation. His studies at Copen- 
hagen included science, philosophy, 
and medicine, and at the age of 
twenty-two years he received the 
degree of Doctor of Medicine. 

At this time he began to lecture on 
chemistry and metaphysics, and took 
over the management of a_ phar- 
macy. After Volta’s discovery be- 
came known, Oersted immediately 
became interested in physics and 





electricity. When he visited the Fram ORME ERE: See, te Netuee” 
famous universities in Germany, the Hans ee 


scientists he met were charmed by Danish physicist, chemist, physician, 


his active mind, his youthful enthu- and pharmacist. Discoverer of the mag- 
: : +141; netic action of the electric current. The 
siasm, and his almost childlike ap first person to isolate the metal aluminum. 


pearance and bearing. In 1806 he 

became a professor of physics at the University of Copenhagen. His fame 

rests chiefly on his epoch-making discovery of the magnetic action of the 

electric current and the close relation between electricity and magnetism. 
In 1825, however, he studied the chemical action of the voltaic current, 

and attempted to isolate the.metal that was believed to be present in 
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alumina. He first prepared liquid aluminum chloride by passing a current 
of chlorine gas over a mixture of charcoal and alumina heated to redness, 
By allowing potassium amalgam to react with the aluminum chloride, he 
prepared an aluminum amalgam, and by distilling off the mercury out of 
contact with the air, he obtained a metal that looked like tin (11). 

Oersted gave the following description of his method: 


The compound of chlorine with the combustible element of the 
clay (aluminum chloride) is volatile at a temperature which is not 
much above that of boiling water; it is somewhat yellowish, perhaps 
however from admixed carbon; it is soft, but still has crystalline form; 
it absorbs water with avidity and dissolves therein with great ease and 
with evolution of heat. Rapidly heated with potassium amalgam, it 
is decomposed, potassium chloride and aluminum amalgam being 
formed. This amalgam is very quickly decomposed in contact with 
the atmosphere. By distillation without contact with the atmosphere, 
it forms a lump of metal which in color and luster somewhat resembles 
tin. Moreover the author has found, both in the amalgam and the 
aluminum, remarkable properties which do not permit him to regard 
the experiments as complete, but show promising prospects of impor- 
tant results (42), (43). 


Oersted’s product must have been impure, metallic aluminum, but when 
Wohler repeated the experiment he found that the gray molten mass formed 
by the action of the potassium amalgam on the aluminum chloride volatilized 
completely when heated, giving off green clouds of potassium vapor (12), 
(46). Kirstine Meyer’s recent study of Oersted’s unpublished notes and I. 
Fogh’s repetition of his experiment show that the great Danish physicist 
allowed a dilute amalgam containing about 1.5% of potassium to react with 
excess aluminum chloride, and that it is possible to prepare the metal in 
this manner (42), (44), (45). 

Since Oersted’s results were published in an obscure Danish journal, 
they made little impression on the scientific world. Nevertheless his 
discovery of electromagnetism brought him the prizes, honors, and influence 
he so richly deserved. He lived to be seventy-four years old (41). 

Friedrich Wohler, one of the most versatile chemists Germany ever 
produced, was born in the little village of Eschersheim near Frankfort-on- 
the-Main at the very beginning of the nineteenth century, July 31, 1800. 
His father, who himself had a keen appreciation of Nature and a liking for 
experimentation, delighted to see the same tastes and talents develop in the 
young child. At the age of fourteen years Wohler entered the gymnasium 
at Frankfurt, where he was regarded as an average student. As he was 
passionately absorbed in collecting minerals and making chemical experi- 
ments, he frequently neglected his assigned lessons, but these hobbies led 
him to make the acquaintance of some famous mineral collectors, among 
them Johann Wolfgang von Goethe (13). 
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Wohler was always greatly inter- 
ested in new elements. Soon after 
Berzelius discovered selenium in 
Swedish sulfuric acid, Woéhler found 
that the Bohemian acid also contained 
it. Soon after Professor Stromeyer 
discovered cadmium, young Wohler 
sent him some that he had prepared 
from zinc. Wohler’s great ambition 
was to make potassium, but since his 
voltaic pile made of alternate layers of 
Russian copper coins and zinc plates 
was not powerful enough fo1 this, he 
devised a purely chemical method, 
somewhat similar to that of Gay- 
Lussac and Thenard, in which he 





heated a mixture of potash and char- From Muspratt’s ‘“‘Chemisiry, Theoretical, 
coal to white heat in a graphite cru- a: rian raacaroennctanadl 
cible. Since his sister shared the ee 

exhausting labor of blowing the bel- German chemist. Student of Leo- 


lows, she rejoiced as much as he did _pold_Gmelin and Berzelius. He was 
i be ‘i the first person to synthesize urea and 

when the shining globules of metallic to describe the properties of metallic 
potassium appeared (13). aluminum. He isolated aluminum, 
4 beryllium, and yttrium by the action of 

The youthful Wohler alsohad many _ potassium on the respective chlorides. 
other interests. He won prizes in 
mathematics, made oil paintings and etchings, collected coins and other 
small objects from Roman ruins, and read with enjoyment the best German 
poetry. At the age of nineteen years he began his medical course at the 
University of Marburg, but in the following year he transferred to Heidel- 
berg in order to study under Leopold Gmelin (47). He was deeply interested 
in medicine, and intended to become a practicing physician specializing in 
obstetrics. On September 2, 1823, he received the degree of Doctor of 
Medicine, Surgery, and Obstetrics, imsigni cum laude (13). 

He had continued his chemical experiments all though his medical course, 
and Professor Gmelin, who had not failed to notice his surprising skill, 
advised him to relinquish medicine for chemistry. Wo6hler therefore wrote 
to Berzelius for permission to enter his laboratory in Stockholm. On 
August 1 the great Swedish master gave his famous reply: ‘“‘One who has 
studied under the direction of Herr Leopold Gmelin will certainly find little 
to learn with me...... You may come when you wish.”’ 

Berzelius must have realized at once that he had a remarkable student, 
for he started out by assigning him the difficult analysis of a zeolite. If 
Berzelius had a remarkable student, however. Wéhler also had a most 
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From Muspratt’s ‘“‘Chemisiry, Theoretical, 
Practical, and Analytical”’ 


LEOPOLD GMELIN 
1788-1853 


Professor of chemistry and medi- 
cine at Heidelberg. Co-author with 
Karl Kraut of the “Handbuch der 
anorganischen Chemie.” Discoverer of 
potassium ferricyanide. Son of Johann 
Friedrich Gmelin, the author of the 
“Geschichte der Chemie.’’ Leopold’s 
nephew, Christian Gottlob Gmelin, 
was the first to observe the red color 
imparted to a flame by lithium salts. 


was made a full professor. 
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unusual teacher, for he first went 
through the entire analysis himself, 
showing his student the details of 
every operation. Whenever Wohler 
worked too hastily, Berzelius te- 
marked, ‘‘Doctor, that was quick, but 
poor’’* (13). Although Wohler spent 
less than a year in Stockholm, the 
teaching of Berzelius influenced the 
whole course of his life and, like his 
great master, he made important 
contributions both to organic and to 
inorganic chemistry. Minds such as 
these cannot be encompassed within 
narrow boundaries. As long as 
Berzelius lived, he carried on a lively 
correspondence with Wohler, and 
these letters are a rich source of pleas- 
ure and profit to all chemists inter- 
ested in the history of their science. 
In 1825 Wohler became a mem- 
ber of the chemistry faculty at the 
University of Berlin, and in 1828 he 





here that he made the two great 
discoveries for which his name will 
always be honored: the isolation of 
aluminum and the synthesis of urea. 

As previously stated, Wéhler was 
unable to obtain metallic aluminum by 
Oersted’s method. However, since 
the latter encouraged him to continue 
his attempts, he prepared some anhy- 
drous aluminum chloride by Oersted’s 
method, and devised a new plan for 
isolating the metal. After adding an 
excess of hot potassium carbonate 
solution to a boiling hot solution of 





THis WOHLER PLAQuE, Cast IN ALU- 
MINUM, WAS PRESENTED TO Dr. F. B. 
DaIns BY Dr. Howarp M. ELsEy, WEST- 
INGHOUSE RESEARCH LABORATORY, EAST 
PITTSBURGH, PENNSYLVANIA 


For the history of it, see ref. (50). 


* “Doctor, das war schnell, aber schlecht.’’ 














JusTUS VON LIEBIG 
1803-1873 

German organic and agricultural chemist. Professor of chemistry at 
Giessen. Friend and collaborator of Wéhler. Discoverer of the isomerism 
of silver fulminate and silver cyanate. Editor of the Amnalen. He devised a 
new combustion train for determining the ultimate constituents of organic 
compounds, and proved that animal heat and energy are produced by the 
combustion of food in the body. 
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WOHLER’S RESIDENCE AT GOTTINGEN 






















alum, he washed and dried the precipitated aluminum hydroxide, and mixed 
it with powdered charcoal, sugar, and oil to forma thick paste. Upon heat- 
ing this paste in a closed crucible, he secured a very intimate mixture of 
alumina and charcoal, and upon passing a current of dry chlorine gas over 
this red-hot black mixture, he obtained anhydrous aluminum chloride (12), 
(46). 

Wohler once said that the method by which he isolated aluminum in 1827 
was based on the decomposition of anhydrous aluminum chloride by 
potassium and on the stability of aluminum in presence of water. Since 
the reaction is too violent to be carried out in glass, he used a platinum 
crucible with the cover wired on. Although only gentle heat was applied to 
start the reaction, the crucible soon became white hot. It was not badly 
attacked, but in order to prepare aluminum free from platinum he repeated 
the experiment, using porcelain and Hessian crucibles. When he cooled 
the crucible completely and plunged it into water, metallic aluminum always 
separated as a gray powder. Wohler obtained only a small quantity of the 
metal, and it was not pure, but contaminated with potassium, platinum, or 
aluminum chloride (12). However, he was the first to describe the proper- 
ties of aluminum, and in 1845 he finally succeeded in melting the powder to 
a coherent metallic mass (49). He also prepared beryllium and yttrium in 
the same manner (8). 

Wohler’s life was a long and eventful one. In spite of his unceasing 
labors for science, he found time for many social contacts, and had a deep 
capacity for friendship. The lifelong intimacy between Wohler and Liebig 
caused the latter to write in one of his last letters: 
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Photo loaned by Frau Hiicket, Gottingen, Germany 
WOHLER IN LATER LIFE* 

Professor of chemistry at G6éttingen. Famous for his researches on 
cyanogen, cyanuric acid, and the radical of benzoic acid, and on the metals 
titanium, aluminum, yttrium, beryllium, and vanadium. German trans- 
lator of Berzelius’ ‘Textbook of Chemistry” and von Hisinger’s ‘‘Mineral 
Geography ”’ 





* The author wishes to thank Dr. L. C. Newell for the use of this portrait. 
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Even after we are dead and our bodies long returned to dust, the ties 
which united us in life will keep our memory green, as an instance— 
not very frequent—of two men who wrought and strove in the same 
field without envy or ill feeling, and who continued in the closest 


friendship throughout (14). 


In 1835 Wohler became Stromeyer’s successor as professor of chemistry 


at Géttingen, where he taught for the rest of his life. 


Louis Etre pE BEAUMONT 
1798-1874 


French geologist and mining engi- 
neer. Perpetual secretary of the Acad- 
émie des Sciences. He described the 
course of great rivers and the effects of 
their mechanical work, and investi- 
gated the materials ejected by volca- 
noes. With Dufrénoy he made the 
first accurate and complete geological 
map of France. 


in walked the old Master. 





Wohler spent his old 

age in the midst of his happy family. 
He had a son and four daughters, and 
when they all visited their parents in 
the summer, some of them stayed with 
the neighbors, for the family home was 
not large enough to hold all the grand- 
children. He received high scientific 
honors of all kinds, but none were dearer 
to him than the celebrations planned by 
his students on the occasions of his six- 
tieth, seventieth, and eightieth birth- 
days, and on the fiftieth anniversary of 
the synthesis of urea (13), (48). 

The late Dr. Edgar Fahs Smith, 
America’s great chemical historian, 
once gave the following picture of the 
aged Wohler: 


Two or three days before Christ- 
mas the chemical laboratories in 
the University of Géttingen were 
nearly deserted. Only a few stu- 
dents remained. Late in the after- 
noon, some one began singing, 
“Stille Nacht, Heilige Nacht.” 
One by one the other students in 
the laboratory gathered about the 
singer and solemnly joined in the 
song. Soon we noticed that the 
door of the laboratory opened and 


Immediately he took from his head the black 


skull cap he was accustomed to wear in the laboratories, placed it under 
his arm, folded his hands, and with bowed head stood just inside the door 
while the song continued. When the singing was over the old Master 
came forward and said, ‘“‘Thank you, gentlemen,’ and withdrew (15). 


Wohler’s room was filled with portraits of his two best friends, Liebig and 


Berzelius. 


Not long before his death, he hesitatingly held out to a friend at 


parting a little box wrapped in paper, saying to him, ‘Keep it in re- 
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membrance of me. 


Do not open it until you are on the train.”’ 


The box 


was found to contain a spoon and the words, ‘‘A present from Berzelius; he 


used this platinum spoon many years in his researches.” 
In accordance with his wish, there is no bronze or 


October 9, 1882. 
marble monument to mark 
his resting place, but only a 
stone with the name Fried- 
rich Wohler (13). 

The first pure aluminum was 
prepared by the great French 
chemist, Henri Sainte-Claire 
Deville, who was born on the 
Island of St. Thomas in the 
Antilles on March 11, 1818. 
Both Henri and his elder 
brother Charles were educated 
at the Institution Sainte-Barbe 
in Paris, where Charles studied 
geology under Elie de Beau- 
mont at the School of Mines, 
while Henri took the medical 
course and studied chemistry 
under Thenard. Both brothers 
were crowned by the Institute, 
and both were in the same sec- 
tion. Throughout their lives 
they had the deepest affec- 
tion for one another, and 
when one of Henri’s sons 
married Charles’ daughter, one 
of the fathers remarked, ‘““My 
brother and I do not know 
how to tell which of the 
two belongs to each of us, 
whether it is my son who 
has married his daughter, or 
my daughter who has married 
his son” (16). 


Wohler died on 





From Gay’s “Henri Sainte-Claire Deville, sa Vie et ses 
Travaux”’ 


CHARLES SAINTE-CLAIRE DEVILLE 
1814-1876 


French geologist who explored the Antilles, 
the Azores, and the Canary Islands and studied 
the allotropic forms of sulfur. 


HENRI SAINTE-CLAIRE DEVILLE 
1818-1881 


Professor of chemistry and dean at the Univer- 
sity of Besancon, afterward professor of chem- 
istry at the Ecole Normale Supérieure. He 
discovered toluene in balsam of Tolu, prepared 
anhydrous nitrogen pentoxide, and prepared 
sodium and aluminum on a commercial scale. 


Henri’s first paper, published in 1839, was a research on turpentine, and 


two years later he discovered toluene in balsam of Tolu. 
portant work, however, was in inorganic and physical chemistry. 


His most im- 
In 1844 





conservative university officials were horrified to learn of the appointment 
by Thenard of the twenty-six-year-old Henri Sainte-Claire Deville as dean 
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to reorganize the faculty at Besancon, 
Nevertheless Thenard’s mature judg- 
ment proved correct, and Sainte- 
Claire Deville’s career proved to be 
even more brilliant than he had pre- 
dicted. While at Besancon, Sainte- 
Claire Deville devised new analytical 
methods for testing the city water- 
supply, and succeeded in preparing 
anhydrous nitrogen pentoxide (17). 
When Balard, the discoverer of 
bromine, went to the Collége de 
France, Deville was called to fill the 
vacancy at the Ecole Normale Su- 
périeure, and it was there that the 
first beautiful aluminum ingots were 
made. Sainte-Claire Deville was at- 
tempting in 1854 to prepare a proto- 





FRANK FANNING JEWETT : : 
1844- chloride of aluminum by allowing 


Research assistant at Harvard Uni- aluminum to react with the chloride, 


versity under Wolcott Gibbs. Pro- ° 
fessor of chemistry at the Imperial Uni- AICI; and, although he did not 


versity of Japan. Professor of chem- succeed in obtaining this lower chlo- 


istry and mineralogy at Oberlin College. ; . . F ; 
His account of Wohler’s researches on ride, he did obtain something vastly 


aluminum inspired Charles M. Hall to more important. He noticed some 
a ineniah aroital re eeeees ot eautiful globules of shining metallic 

aluminum, and immediately set to 
work to make the process commercially profitable. 

Although the first experiments were made at the Ecole Normale 
Supérieure, the generosity of Napoleon III made it possible for him to 
continue them on a larger scale at the Javel works. Since Sainte-Claire 
Deville’s commercial process required large amounts of sodium, it was 
necessary for him to perfect at the same time a cheaper process for preparing 
that metal. When he began his experiments, the price of sodium was even 
higher than that of potassium, but he knew that sodium compounds are 
more abundant in Nature than those of potassium, and that sodium, he- 
cause of its smaller equivalent weight, would be the more economical metal 


to use. 

After perfecting a process for the manufacture of sodium (which caused 
the price to fall from two thousand francs per kilogram in 1855 to ten francs 
in 1891), Deville attempted the large-scale production of aluminum. 
There is found in southern France and elsewhere an ore, bauxite, named 
for the village of Baux, near Arles in Provence. In the Sainte-Claire 
Deville process, alumina obtained from this ore is intimately mixed with 
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Courtesy Fisher Scientific Co. 


THE ALUMINUM ‘“‘CROWN JEWELS” 


In this frame, carefully preserved by the Aluminum Company of America at 
Pittsburgh, are the original buttons of the metal made by Charles M. Hall 
in Oberlin, February 23, 1886 (lower left), the larger ones made by Hall in 
December, 1886 (upper right), and the first button or ingot (center) produced 
by the Aluminum Company of America 


charcoal and salt, and. heated in an atmosphere of chlorine gas, a double 
chloride of sodium and aluminum being formed, which can be fused with 
excess sodium. The metallic aluminum is then cast into ingots (18). 

Certain trouble makers who were poor judges of character tried to create 
ill-will between Wohler and Sainte-Claire Deville, advising the latter that, 
since Wohler’s aluminum was of such doubtful purity, he ought to claim 
for himself the honor of discovering the metal. The French chemist’s re- 
action to this counsel throws an interesting side-light on his character. As 
soon as he had obtained a sufficient quantity of malleable aluminum, he had 
a medal cast, bearing simply the name Wohler and the date 1827, and sent 
it to the great German master. Deville and Wohler always remained fast 
friends, and collaborated in a number of important researches. In his 
book entitled ‘‘L’Aluminium, ses Propriétés, sa Fabrication et ses Applica- 
tions,” the former wrote, “I will say with pleasure that I consider it an 
unexpected good fortune to have been able to take a few more steps in a 
path opened by Berzelius’ eminent successor in Germany” (18). 

Henri Sainte-Claire Deville also made important investigations of boron, 
silicon, magnesium, and the metals of the platinum family. The platinum 











CHARLES MaArTIN HALL 
1863-1914 


American chemist, inventor, metallurgist, and philanthropist who made the 
first electrolytic aluminum. This cheap method of obtaining the metal from 
its ores made possible the present widespread use of aluminum for domestic, 
industrial, and transportation purposes. 
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researches were dangerous, and he 
often suffered severely from poisoning 
by the vapors of osmic acid. His 
fame, however, rests even more on his 
enunciation of the laws of gaseous dis- 
sociation. Sainte-Claire Deville was 
described as ardent, vivacious, charm- 
ing, sympathetic, gay, and generous. 
At the Ecole Normale he used toeat at 
the students’ table, jesting familiarly 
with them but never for a moment los- 
ing their profound respect (19). His 
married life was a most happy one, 
and his five sons were a credit to their 
parents. He died in 1881, mourned 
by his family and by his scientific 





colleagues throughout the world (18), Pike. Loos: Toteainer tiiecoir* 
and the funeral oration was delivered 1863-1914 
by his beloved friend, Louis Pasteur. French metallurgist. Independent 


The next scene of the aluminum discoverer of the electrolytic method of 
preparing aluminum now known as the 


drama is laid in the United States. Hall-Héroult process. He designed 
Henri Sainte-Claire Deville’s process moet posiense Pra a 
had made the metal a commercial metallurgy of iron and steel. 

product, but it was still expensive. 

Charles Martin Hall, a student at Oberlin College, inspired by the accounts 
which Professor F. F. Jewett had given of his studies under Wohler, decided 
that bis supreme aim in life would be to devise a cheap method for making 
aluminum. In an improvised laboratory in the woodshed, and with home- 
made batteries, he struggled with this problem. On February 23, 1886, this 
boy of twenty-one years rushed into his professor’s office and held out to 
him a handful of aluminum buttons. This was the first electrolytic 
aluminum ever made, and it is small wonder that the Aluminum Company 
of America now treasures these buttons and refers to them affectionately 
as the “crown jewels.’’ A beautiful statue of the youthful Charles M. 
Hall, cast in aluminum, may now be seen at the Severance Chemical 
Laboratory at Oberlin College (11). 

One or two months after Hall had perfected his process, Dr. Paul Louis 
Toussaint Héroult, a young French chemist of the same age, made the same 
discovery independently. Dr. Héroult was born in 1863 at Thury-Har- 
court in the department of Calvados.** When the war of 1870 broke out, 


* The author is most grateful to Dr. P. V. Faragher and the Aluminum Company 


of America for the portrait of Héroult. 
** Vauquelin, the discoverer of chromium and beryllium, was also a native of Calvados. 
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he was sent to live with his grandfather in London, and thus he acquired a 
good command of the English language. Three years later he returned to 
France to continue his education. 

At the Institution Sainte-Barbe he learned of Sainte-Claire Deville’s 
researches on aluminum, and at the age of fifteen years he read the latter’s 
famous treatise. Using the steam engine and dynamo of a small tannery 
which he had inherited in 1885, Héroult attempted to electrolyze various 
aluminum compounds. In the following year, when he was attempting to 
electrolyze cryolite, his iron cathode melted. Since the temperature was 
not high enough to account for this, Héroult realized that an alloy had been 
formed. A few days later, when he tried to lower the temperature of the 
electrolytic bath by adding some sodium aluminum chloride, he noticed 
that the carbon anode was being attacked. He concluded that he must be 
dealing with an oxide of aluminum, which was being reduced at the expense 
of the anode. This was indeed the case, for the sodium aluminum chloride 
he had bought had been previously exposed to moist air and converted into 
hydrated alumina. The wonderful Héroult process for aluminum is an 
outgrowth of this simple observation. 

M. Héroult also made many important contributions to the electro- 
metallurgy of iron and steel. He made frequent trips to the United States, 
and when the Perkin Medal was awarded to Charles M. Hall in 1911, M. 
Héroult crossed the ocean in order to be present at the ceremony and to 
congratulate him. By this gracious act, he proved himself to be a worthy 
successor of his great, generous countryman, Henri Sainte-Claire Deville 
(11). Dr. Héroult died in 1914, about three months before the outbreak of 
the World War. 
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THE DISCOVERY OF THE ELEMENTS. XIII. 
SPECTROSCOPIC DISCOVERIES* 


Mary ELvirRA WEEKS, THE UNIVERSITY OF KANSAS, LAWRENCE, KANSAS 


SOME 


Many elements are present in the earth’s crust in such minute amounts that 
they could never have been discovered by ordinary methods of mineral analysis. 
In 1860, however, Bunsen and Kirchhoff invented the spectroscope, an optical 
instrument consisting of a collimator, or metal tube fitted at one end with a lens, 
and closed at the other except for a slit at the focus of the lens, to admit light 
from the incandescent substance to be examined; a turntable containing a 
prism mounted to receive and separate the parallel rays from the lens; and a 
telescope to observe the spectrum produced by the prism. With this instru- 
ment they soon discovered two new metals, cesium and rubidium, which they 
classified with sodium, potassium, and lithium, which had been previously 
discovered by Davy and Arfvedson. The spectroscopic discovery of thallium 
by Sir William Crookes and its prompt confirmation by C. A. Lamy soon 
followed. In 1863 F, Reich and H. T. Richter of the Freiberg School of Mines 
discovered a very rare element in zinc blende, and named it indium because of its 
brilliant line in the indigo region of the spectrum. 


Nur immer zu! wir wollen es ergrinden, 
In deinem Nichts hoff’ ich das All zu finden (1). 


Thus there was for him nothing small or great in Nature. 
Every phenomenon embraced for him an endless diversity 
of factors, and in the yellow flame of an ordinary alcohol 
lamp whose wick was sprinkled with salt, he saw the pos- 
sibility of accomplishing the chemical analysis of the most 
distant stars (2).** 


As early as 1758 Marggraf had noticed the yellow color imparted to a 
flame by sodium salts and the lavender color imparted by potassium salts (3). 
In 1802 Dr. Wollaston examined the spectrum of a candle flame through 
a prism, and saw the discontinuous band spectrum (4), (22). He said 
(22), 


When a very narrow line of the blue light at the lower part of the 
flame is examined alone, in the same manner, through a prism, the 
spectrum, instead of appearing a series of lights of different hues 
contiguous, may be seen divided into five images, at a distance from 
each other. The Ist is broad red, terminated by a bright line of 
yellow; the 2nd and 3rd are both green; the 4th and 5th are blue, 
the last of which appears to correspond with the division of blue and 
violet in the solar spectrum. . . 


* Illustrations collected by F. B. Dains of The University of Kansas. 

** So gab es fiir ihn nichts Kleines oder Grosses in der Natur. Jede Erscheinung 
umfasste ihm eine unbegrenste Mannigfaltigkeit von Faktoren, und in der gelben Flamme 
einer gewohnlichen Weingeistlampe, deren Docht mit Salz bestreut war, sah er die Moglich- 
keit, die chemische Analyse der fernsten Gestirne auszuftihren. 
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Courtesy Bausch & Lomb Optical Co. 

In 1818 JoseEF FRAUNHOFER (1787-1826) ExurpireD His NEWEST SPECTROSCOPE 
BEFORE COUNSELOR UTZSCHNEIDER AND MR. REICHENBACH, HIS PARTNERS IN THE 
GLASSWORKS AND OPTICAL ESTABLISHMENT AT BENEDICTBEUERN 

He discussed with them his latest researches on the diffraction of light which had 
led him to the discovery of grating spectra, the exact measurement of wave-lengths, and 
a brilliant confirmation of the undulatory theory of light. 

(The above illustration is from a painting by Karla Fischer, 1909.) 





In 1814 Josef Fraunhofer, a young German physicist who had had 
thorough training in the art of glassmaking, made an unusually fine prism, 
saw for the first time the dark lines in the sun’s spectrum, and designated 
eight of the most prominent ones by letters (3), (23). Henry Fox Talbot 
(24), an English scientist, found that, with the aid of a prism, he could 
distinguish lithium from strontium, * even though the salts of both give red 
flames (4), (26), (32). He stated that the dark lines previously observed 
by Sir David Brewster (33) in the spectrum of light which had passed 
through vapors of nitrous acid were caused by absorption of light (5), (25). 
Important as these contributions undoubtedly were, none of these men 
founded the science of spectroscopic analysis: That achievement required 
the genius of a Bunsen and the skill and sagacity of a Kirchhoff. 

Robert Bunsen was the son of a professor of modern languages at 


* Strontium salts were very rare at that time, and Talbot was indebted to Faraday 


for the specimen he used. 
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Wii_iiamM Henry Fox TALBot 
1800-1877 


English antiquarian, physicist, and pioneer in optics and photography. One 
of the first to decipher the Assyrian inscriptions at Ninevah. In 1839 he made 
negative prints on silver chloride paper, and two years later he invented the calo- 
type process for making positives. 
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Srrk Davip BREWSTER 
1781-1868 


Scottish physicist famous for his 
researches on the absorption, reflection, 
refraction, and polarization of light, 
and on doubly refracting crystals. 
One of the founders of the British 
Association for the Advancement of 
Science. He invented the kaleido- 
scope and improved the stereoscope. 
His optical researches led to great 
improvement in the construction of 
lighthouses. 


through Germany, France, Austria, 
and Switzerland, and meeting the sci- 
entists of those countries. For three 
years he went about studying geologi- 
cal formations, visiting factories and 
mines, and meeting technical men and 
professors (2). In 1836 he succeeded 
Wohler at the higher technical school 
at Cassel. After serving in similar 
positions at Marburg and at Breslau, 
he finally became Leopold Gmelin’s 
successor at Heidelberg, where he 
taught for thirty-eight years, finally 
retiring at the venerable age of 
seventy-eight years (2), (50). 


* Some biographers give March 31 as 
May 31. 


Aucust, 1932 


Géttingen, and was born in that city 
in the spring of 1811.* After attend- 
ing the academy at Holzminden he 
entered the University of Géttingen, 
and studied chemistry under Professor 
Stromeyer. At the age of nineteen 
years he received his degree of doctor 
of philosophy. This does not mean 
that Bunsen was precocious, for, as 
Wilhelm Ostwald explains, students 
graduated at a much earlier age then 
than they do now. 

Aided by a grant from the Han- 
Overian government, the youthful 
Bunsen broadened his scientific edu- 
cation by traveling, mostly on foot, 





From Muspratt’s “Chemistry, Theoretical, 
Practical, and Analytical” 
ROBERT WILHELM BUNSEN 
1811-1899 


German chemist who investigated 
the cacodyl radical, the geysers of Ice- 
land, and the chemical action of light. 
Inventor of the Bunsen burner and 
Bunsen battery, the grease-spot pho- 
tometer, the ice and vapor calorimeters, 
the thermoregulator, the constant-level 
water-bath, and the filter pump. 


the date of Bunsen’s birth, others give 
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Bunsen’s very first paper contained a discovery of great benefit to 
humanity, for he showed that freshly precipitated ferric hydroxide is an 


antidote for arsenic poisoning. His 
important and dangerous research on 
cacodyl was carried out at Cassel and 
Marburg. Since his laboratory at 
Cassel was not equipped with hoods, 
he wore a mask with a long tube lead- 
ing to the fresh air. While he was 
investigating cacodyl cyanide, an ex- 
plosion occurred which shattered the 
mask, destroyed the sight of his right 
eye, and nearly ended his life; yet, after 
he recovered from the resulting critical 
illness, he carried the research to a 
successful conclusion. 

This serious accident made him 
very cautious. When one of his stu- 
dents, Heinrich Debus, once wished 
to use some mercuric fulminate in a re- 
search, Bunsen objected and said (6), 


When I came to Marburg, I 
found in the collection of prepara- 
tions a glass-stoppered bottle con- 
taining an ounce or more of mer- 
curic fulminate. I took the flask 


Preses J 
dssdbdddy ’ 








HEINRICH DEBUS 

1824-1915 
German chemist who taught for 
many years at Guy’s Hospital, Lon- 
don, and at the Royal Naval College, 
Greenwich. He prepared pure pur- 
purin, discovered glyoxylic acid, gly- 
oxal, and glyoxaline, and reduced 
hydrocyanic acid to methylamine. 
He wrote a delightful biography of his 

professor, Robert Bunsen. 
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Gustav ROBERT KIRCHHOFF 
1824-1887 

German physicist and physical chem- 
ist. Professor of physics at Heidel- 
berg and Berlin. Independent dis- 
coverer of the Kirchhoff-Stewart law 
of radiation and absorption. He 
explained the Fraunhofer lines of the 
solar spectrum, and, with Bunsen, 
founded the science of spectroscopic 
analysis, and discovered the elements 
cesium and rubidium. 
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and carried it to a nearby deep 
stone-quarry, and threw it in. 


Bunsen made a thorough study of 
the gases of the blast furnace, and it 
was in this connection that he de- 
veloped his famous methods of gas 
analysis. He invented the voltaic 
battery now known by his name, the 
grease-spot photometer, the ice and 
vapor calorimeters, and the Bunsen 
burner. After the famous eruption 
of Mount Hekla in 1845, he went with 
a Danish expedition to study the ac- 
tive hot springs and geysers of Ice- 
land, and by careful thermometric 
measurements made at great risk, 
explained their action before any sci- 
entific description of the American 
geysers had been given (7), (27). 


Cesium and Rubidium 


Bunsen afterward carried out an 
elaborate series of photochemical re- 
searches with his lifelong friend, 
Sir Henry Roscoe, but suddenly dis- 
continued this work. The reason for 
this may best be told in his own 


words as quoted from his letter to Roscoe written on November 15, 1859 (7): 


At present [said he] Kirchhoff and I are engaged in a common work 


which doesn’t let us sleep....Kirchhoff has made a wonderful, entirely 
unexpected discovery in finding the cause of the dark lines in the solar 
spectrum, and increasing them artificially in the sun’s spectrum, and 
in producing them in spectra which do not have lines, and in exactly 
the same position as the corresponding Fraunhofer lines. Thus a 
means has been found to determine the composition of the sun and fixed 
stars with the same accuracy as we determine sulfuric acid, chlorine, 
etc., with our chemical reagents. Substances on the earth can be 
determined by this method just as easily as on the sun, so that, for ex- 
ample, I have been able to detect lithium in twenty grams of sea water. 


Gustav Robert Kirchhoff, a young proféssor from K6nigsberg, Prussia, 
who had recently followed Bunsen from Breslau to Heidelberg, is generally 
regarded as Bunsen’s greatest discovery of the Breslau period. Kirchhoff 
was born in Kénigsberg on March 12, 1824, the third son of a counselor of 


justice. 


When he was twenty-four years old, he became a member of the 
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teaching staff at the University of Berlin. After serving for a time as 
professor extraordinary at Breslau, he went to Heidelberg in 1854, and 
collaborated with Bunsen for many years. In 1875, however, he left the 
scene of his brilliant achievements, and went back to Berlin to serve as 
professor of physics and to work with Helmholtz. He died on October 16, 
1887, at the age of sixty-three years. 

Kirchhoff’s mind was more speculative than Bunsen’s, he had greater 
fondness for pure mathematics, and he was thoroughly familiar with the 
researches of Newton, Fraunhofer, and Clausius (8), (46). He showed 
Bunsen that, instead of looking through colored glass to distinguish between 
similarly colored flames, he ought to use a prism to separate the light into 
its constituent rays (9). On this principle they developed the Bunsen- 
Kirchhoff spectroscope, an instrument which proved to be of supreme im- 
portance not only in 
chemical analysis, but 
also in the discovery of 
new elements (28). 

They noticed that 
when ordinary salt was 
sprinkled into the flame 
of a Bunsen burner, a 
yellow line was seen 
through the spectro- 
scope in exactly the 
position formerly oc- 
cupied by the dark dou- 
ble line of the sun’s 
spectrum, known as the 
D-line. Attempting 
then to observe the dark 
D-line and the bright sodium line simultaneously, by allowing sunlight and 
yellow sodium light to shine on the slit of the spectroscope at the same time, 
they were astonished to find that the dark line did not become yellow, but 
became darker than before. Kirchhoff was so puzzled by this that he spent 
the entire day and night trying to account for it, and finally succeeded in 
producing the dark D-line artificially. He did this by using, instead of sun- 
light, a luminous flame, which gives a continuous spectrum containing no 
dark lines, and then bringing the yellow sodium flame in front of the slit 
as before. Kirchhoff gave as his explanation the analogy of sympathetic 
vibrations. The white light from the luminous flame, upon passing through 
the sodium flame, lost those vibrations which correspond to the yellow lines; 
and therefore the spectrum contained a dark line at that place (9), (34). 

On April 11, 1860, Bunsen wrote, “‘Don’t be angry with me, dear Roscoe, if 
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I have still done nothing more on our photochemical work,’ and explained 
that he was searching for a new alkali metal (9). On November 6 of the 
same year he wrote again to Roscoe: 


I have been very fortunate with my new metal. I have fifty grams 
of the almost pure chlorplatinate, which I can easily make absolutely 
pure. To be sure these fifty grams were obtained from 600 hundred- 
weights (quintals) of mineral water, whereby 2!/2 pounds of lithium 
chloride were obtained as a by-product. Since I have a simple method 
of separating it, I find it widely distributed. I shall name it cesium 
because of its beautiful blue spectral line. Next Sunday I expect to 
find time to make the first determination of its atomic weight. 


May 10, 1860 (8). 


down the new element: 


If one brings into the flame of the 
spectroscope a drop of mother 
liquor from the Diirkheim mineral 
water, one recognizes only the 
characteristic rays of sodium, po- 
tassium, lithium, calcium, and 
strontium. If then, after having 
precipitated by known methods the 
lime, strontia, and magnesia, one 
takes up the residue with alcohol 
previously treated with nitric acid 
to fix the bases, one obtains, after 





GS 


Bunsen had announced this discovery 
to the Berlin Academy of Sciences on 


In one of their papers Bunsen and 
Kirchhoff told just how they traced 





ROBERT WILHELM BUNSEN 
1811-1899 


Professor of chemistry at Heidel- 
berg. With Kirchhoff he invented the 
spectroscope, founded the science of 
spectroscopic analysis, and discovered 
the elements cesium and -rubidium 
He was the first to use iodimetric 
methods of analysis. 


having removed the lithia by 
means of ammonium carbonate, a 
mother liquor which in the spec- 
troscope gives the lines of sodium, 
potassium, and lithium, and, in 
addition, two remarkable blue 
lines, very close together, one of 
which coincides almost exactly 
with the line Sr 6. 


Now there is no simple substance known which gives two such rays 


in this part of the spectrum; one may therefore conclude the certain 
existence of a simple unknown substance, belonging to the group of 
alkali metals. We propose to give this new metal the name cesium 
(symbol Cs) from caesius, which the ancients used to designate the 
blue of the upper part of the firmament. This name seems to us to 
be justified by the facility with which one may confirm, by the beauti- 
ful blue color of the incandescent vapor of this new element, the pres- 
ence of a few millionths of a milligram of this simple substance mixed 
with soda, lithia, and strontia (4), (29), (30). 








V 
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(Left to right) G. Kincunorr, R. W. BUNSEN, AND H. E. Roscoe, in 1862 


Kirchhoff and Bunsen invented the spectroscope and founded the science of 
spectroscopic analysis. Roscoe collaborated with Bunsen in photochemical re- 
searches, and was the first to prepare metallic vanadium. 
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Other chemists had examined cesium minerals before but had failed 
to recognize the presence of the new metal. Plattner in 1846 had analyzed 
some pollux from Elba, and had been unable to make his results total 100% 
(10), (36). When F. Pisani examined the same mineral four years after the 
discovery of cesium, he found that Plattner had mistaken his cesium sulfate 
for a mixture of the sulfates of sodium and potassium (8), (37). 

On February 23, 1861, only a few months after the discovery of cesium, 
Bunsen and Kirchhoff announced to the Berlin Academy the existence of 
still another alkali metal. The report 
runs as follows: 


If one treats lepidolite from 
Saxony by one of the known 
methods which yield a solution of 
the alkalies separated from the 
other elements, and if one pours 
some platinic chloride into the 
liquid, one obtains an abundant 
precipitate which, tested in a 
spectroscope, shows only the lines 
of potassium. 

If one washes this precipitate 
several times with boiling water, 
and tests it at intervals in the 
apparatus, one notices two new 
lines of a magnificent violet 
located between the lines Sr 6 
and the Ka 6** line of potassium. 
As the washing is continued, 
these lines stand out more and 
more against the continuous 





CARL FRIEDRICH PLATTNER* 
1800-1858 


Professor of metallurgy at the Frei- 
berg School of Mines. Author of 
books on blowpipe analysis and the 
roasting of ores. He was an expert 
analyst, trained under Heinrich Rose. 
When his careful analysis of pollux 
was made in 1846, the spectroscope 
had not yet been invented, and he was 
unable to recognize the presence of the 
new element cesium. 


spectrum of potassium, which 
fades away. Soon one sees a 
certain number of new rays in 
the red, the yellow, and the 
green. None of these lines be- 
long to elements hitherto dis- 
covered. Among them we may 
mention especially two remark- 
able red lines just beyond the 


brilliant Fraunhofer line A, or, if one prefers, the brilliant K a line 
which corresponds to it, which ray is located at the extreme red end 
of the solar spectrum. The magnificent dark red color of these rays 
of the new alkali metal led us to give this element the name rubidium 
and the symbol Rb from rubidus, which, with the ancients, served 
to designate the deepest red (4), (30), (31), (35). 


* The portrait of Plattner has been reproduced from F. G. Corning’s “A Student 
Reverie” by kind permission of the author. 
** Bunsen and Kirchhoff used the symbol Ka for potassium (kalium), instead of K. 
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It was for the purpose 
of obtaining colorless 
flames for this research 
that Bunsen invented 





his famous burner. wy es ae : 
Although Bunsen eet FREFACY 
succeeded in isolating Ps sores 


rubidium (42), he ob- 
served cesium only by 
means of its spectral ; ees gia ee ets eres 
lines (41). Twenty Woo, at the publisher's request, after the third olition of 
years later Dr. Carl Migs Pi onde Sty agin. sot —* 4 
Setterberg succeeded in scocts at ot dain Wis ak Ses. sell eat 
isolating cesium by elec- ohae ae "As fur an possible I have confined myself 


FOURTH GERMAN EDITION. 





trolysis of the cyanide to the on ee 
in presence of barium begs ind spproved matter as had | 
cyanide. The elec- 
trolytic part of the re- 
search was performed 
in Bunsen’s laboratory. 
When the five-hun- 
dredth anniversary of 
Heidelberg University 
was celebrated in 1886, 
an elaborate breakfast 
was served which lasted — 


more than three hours. PLATTNER’S ‘“‘BLOWPIPE ANALYSIS” WAS REVISED BY 
Bunsen fell asleep dur- His FORMER STUDENT, HIERONYMUS THEODOR RICHTER, 
: i WHO, WITH FERDINAND REICH, DISCOVERED THE ELE- 
ing one of the tiresome ent INDIUM 


speeches, but at one 

place in the address the speaker’s loud oratory caused the aged chemist 
to awake with a start. Rubbing his eyes, he whispered to his neighbor, 
“T thought I had let a test-tube full of rubidium fall to the floor’’* (11). 

On. another occasion an Englishwoman, to whom he had just been 
introduced, mistook him for Josias Bunsen, the ambassador, and asked him 
if he had finished his book entitled ‘‘Gott in der Geschichte.’’ ‘‘Alas,”’ 
replied Bunsen, ‘“‘My untimely death prevented me’’** (11). 

Robert Bunsen was one of the most modest of men. When he found it 
necessary to mention his own discoveries in his lectures, he never said, “I 
have discovered,” but always ‘‘Man hat gefunden.’ However, when the 














* Mir war als hiitte ich ein Probterréhrchen mit Rubidium auf den Boden fallen 
lassen. 
** Ach daran hat mich ja mein friihzettiger Tod verhindert. 
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lecture dealt with spectral analysis, his students showed by prolonged 
applause that they understood and were proud of his great achievements. 
Bunsen won many honors and medals, but of these he once said sadly, 
“Such things had value for me only because they pleased my mother; she 
is now dead’’* (12), (49). 

Like Vauquelin and Cavendish, Bunsen never married, and, when asked 
for the reason, he used to say, “I never could find the time.”” Perhaps this 
lack of family ties made his students even more dear to him, for he used to 
work all day in the laboratory, patiently showing them the fine details of 
chemical manipulation. When he 
was seventy years old, he wrote to 
Roscoe, “In the years which I am 
rapidly approaching, one lives more 
in the recollection of past happy days 
than in the present; and to the most 
pleasure-giving of them belong those 
which for many years we spent in true 
friendship together.’’ After his long 
day’s work, his favorite recreation 
was to go walking over the chestnut- 
wooded hills near Heidelberg in com- 
pany with a friend like Kirchhoff or 
Helmholtz (13). 

Bunsen was blessed with a brilliant 
mind, a happy disposition, a strong, 
healthy body, and a long life (48). 
He was seventy-six years old when he 
HERMANN (LUDWIG FERDINAND) VON. 5 

HELMHOLTZ, 1821-1894 invented the vapor calorimeter, and 

Professor of physiology at Bonn and 4fter he retired from his Heidelberg 
at Heidelberg. Professor of physics professorship at the age of seventy- 
at Berlin. Inventor of the ophthalmo- 5 ; 5 
scope, an instrument for examining the eight, he still had ten years to live. 
retina of the eye. He expressed the These last days were brightened by 
rips valine nes ny Ff orgy the honor and respect paid him by his 

former students and colleagues. Sir 
Henry Roscoe said that during the peaceful sleep in which Bunsen lay for 
three days preceding his death on August 16, 1899, his face retained “‘the 
fine intellectual expression of his best and brightest days” (13). 

After the brilliant researches of Bunsen and Kirchhoff had paved the way, 
other new elements were soon revealed by the spectroscope. Among these 
may be mentioned thallium, indium, gallium, helium, ytterbium, holmium, 
thulium, samarium, neodymium, praseodymium, and lutecium. 

* Solche Dinge hatten nur Werth fiir mich, weil sie meine Mutter erfreuten; sie ist 


nun todt. 
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BuNSEN MEMORIAL IN HEIDELBERG 


Thallium 


The first indication of the existence of thallium was noted by Sir William 
Crookes. Sir William was born on June 17, 1832, and was educated in the 
grammar school at Chippenham. At the age of sixteen years he entered the 
Royal College of Chemistry, where Hofmann was serving as the first pro- 
fessor; yet, in spite of the latter’s inspiring influence, he never cared for 
organic chemistry. His first paper entitled ‘On the Selenocyanides’’ 
was published when he was nineteen years of age. In 1859 he started the 
publication of Chemical News, and until 1906 he was the sole editor of that 
important journal (14). 

One day, very soon after Bunsen and Kirchhoff had announced their 
discovery of rubidium, Crookes happened to examine some residues from a 
sulfuric acid plant at Tilkerode inthe Harz. Hofmann had given him these 
residues some years before, because they contained selenium compounds 
which could be converted into selenocyanides; and, after removing the 
selenium, Crookes had saved them because he thought they also contained 
tellurium. 

When he examined the residues with the spectroscope, however, he 
found no lines of tellurium, and the lines of selenium soon faded out. Soon 
there appeared a beautiful green line that he had never seen before. He 
concluded that the material must contain a new element, and because of 





Practical, and Analytical” 


AuGust WILHELM VON HOFMANN 
1818-1892 


German chemist who served for 
many years as the first professor at the 
Royal College of Chemistry in London. 
Founder of the aniline dye industry. 
He was the first to prepare nitro- 
benzene and aniline from benzene. 
He was one of the founders of the 
Deutsche Chemische Gesellschaft, and 
was elected president fourteen times. 
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the green line in the spectrum, he 
named it thallium, or green branch. 
His first announcement appeared in 
the Chemical News on March 30, 1861 
(38). Although he at first believed 
thallium to be a non-metal similar to 
sulfur, he soon changed his mind, and 
in 1862 he was awarded a prize for 
some specimens labeled ‘‘Thallium, a 
new metallic element,’’ which he ex- 
hibited at the International Exhibi- 
tion (14). 

Sir William Crookes will probably 
be longest remembered for his study 
of rarefied gases, and for his discov- 
eries in radioactivity and molecular 
physics. After Sir William Ramsay 
discovered helium in 1895, it was 
Crookes who established its identity 
with the helium that Sir Norman 
Lockyer had observed spectroscopi- 
cally in the sun’s atmosphere. Crookes 
also invented the radiometer and the 
spinthariscope. While serving on the 
Glass Workers’ Cataract Committee 
of the Royal Society, he carried out a 


practical research of great humanitarian value. He prepared a kind of glass 
which, although nearly colorless, cut off the injurious rays from the white- 
hot molten glass, and protected the eyes of the workers (14). On two 
occasions Sir William visited the famous diamond mines at Kimberley, and 
in 1909 he wrote a little book on diamonds, which he dedicated to his wife. 

The late Charles Baskerville once wrote a biographical sketch of Crookes, 
in which he gave the following pleasing description of his home (15) - 


Sunday evenings Sir William is at home. Within his study walls, 
bebooked to the ceiling, one may find then the finest minds of science 
in England or in other lands, grappling in discussion with the unsolved 
problems, which oftentimes become no clearer than the increasing 
denseness of the tobacco smoke. 
comes a bright rift in the clouds as Lady Crookes enters and charm- 
ingly leads all to the dining-room below. Punctilious in the per- 
formance of every duty, courteous but vigorous in argument, modestly 
assertive, learning from the youngest, Sir William draws out the 
humblest until he would become almost bold, yet, in return, he gives 
generously from his rich store of wide knowledge and large experience. 


Promptly at eleven o'clock there 














Vor. 9, No.8 THE DISCOVERY OF THE ELEMENTS. XIII 1427 


After Lady Crookes died in 
1916 Sir William never re- 
covered from his loss. He 
died on April 4, 1919, at the 
age of eighty-six years (14). 

Although there seems to be 
no doubt that Sir William 
Crookes was the first to 
observe the green line of 
thallium, many chemical his- 
torians, especially the French 
ones, attribute the isolation 
of the metal itself to Claude 
Auguste Lamy. He was born 
on July 15, 1820, at Néry 
in the Jura department of 
France, attended the Ecole 
Normale Supérieure in Paris, 
and at the age of thirty-one 
years received his doctorate 
from Lille. He taught phys- 
ics, first at Limoges and later 
at Lille (16). 

In April, 1862, while he was 
a professor at Lille, he ex- 
amined some slime from a sul- 
furic acid plant at Loos which 
was using Belgian pyrite, and 
observed the green line which 
had led Crookes to the dis- 

















Courtesy Lyman C. Newell 
Sirk WILLIAM CROOKES 
1832-1919 


English physicist and chemist. Professor at 
the Royal College of Chemistry. Inventor of 
the radiometer and the spinthariscope. Founder 
and editor of Chemical News. He was the 
first to observe the green line of thallium and 
the first to prove the identity of solar and ter- 
restrial helium. The discoverer of uranium X). 


covery of thallium. Lamy’s method of isolating thallium may best be 


described in his own words: 


When burned in suitable pits, pyrite yields, among other products, 








sulfur dioxide, arsenious and selenious acids, and the oxide of thallium, 
which are carried over into the first lead chamber, with the ferruginous 
dust. In this first chamber especially if it has no other communication 
with the following ones than the gas pipe, the oxide of thallium de- 
posits and accumulates, and finally thallium sulfate, with sulfates of 
lead, iron, and other foreign substances coming from the pyrite. 

The thallium [continued Lamy] is extracted from these deposits in 
the first chamber. When these deposits are heated almost dry, with 
approximately an equal volume of aqua regia, until the acid almost 
disappears, and the mass is then taken up with twice its weight of 
boiling water, one sees formed in the liquid as it cools an abundance of 
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yellow crystalline plates 
which, when purified by 
several successive recrys- 
tallizations, give a mag- 
nificent compound of 
thallium sesquichloride. 
When this chloride is 
submitted to the decom- 
posing action of the elec- 
tric current from four or 
five Bunsen cells, for ex- 
ample, there appears at 
the negative pole pure 
thallium. This is the ex- 
periment by which we 
have, for the first time, 
isolated the new metal 
(17), (39). 








Although Lamy claimed 
that Sir William Crookes’s 
thallium was really a sulfide, 
the latter replied that he had 
prepared metallic thallium as 
early as May 1, 1862, but that 
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JEAN BAPTISTE ANDRE DUMAS 
1800-1884 


Professor of chemistry at the Athenaeum and 
at the Sorbonne. He devised a method of de- 


termining vapor density, and developed the 
theory of types in organic chemistry, which he 
defended against Berzelius’ dualistic electro- 
chemical theory. From a study of the aliphatic 


because of its volatility he 
had not dared to melt the 
black powder to form an ingot 





alcohols, Dumas and Péligot developed the con- ( 1 8) However, a committee 
° ’ 


ception of homologous series. 

from the French Academy, 
including Henri Sainte-Claire Deville, Théophile Jules Pelouze, and J. B. A. 
Dumas, credited Lamy, rather than Crookes, with the isolation of thallium 
metal (17), (40). 

After a careful study of the chemical compounds of the new metal, 
Professor Lamy concluded that it forms two series of salts, the thallous and 
the thallic, in which the metal is respectively mono- and trivalent. Since 
the thallous compounds resemble those of the alkali metals, whereas the 
thallic salts are similar to those of aluminum, Dumas once said, “It is no 
exaggeration to say that from the point of view of the classification generally 
accepted for the metals, thallium offers a combination of contradictory 
properties which would entitle one to call it the paradoxical metal, the 
ornithorynchus of the metals’’* (40), (47). 

In 1865 Lamy became a professor of chemistry at the Central School of 


*“T1 n'y a pas d’exagération a dire qu'au point de vue de la classification généralement 
acceptée pour les métaux, le thallium offre une réunion de propriétés contradictoires qui 
autoriseratt a l’appeler le métal paradoxal, l’ornithorynche des métaux.”’ 








of 
dis 
Fe 


li 


18 
ac 
ke 
an 


ac 
re’ 








1932 


led 
S'S 


ad 


of 


nt 
us 








Vou. 9, No.8 THE DISCOVERY OF THE ELEMENTS. XIII 1429 


Arts and Manufactures at Paris. He published papers on magnetism, the 
progress of physics, the toxic effect of thallium, and the solubility of lime 
in water. He died at Paris on March 20, 1878 (16). 


Indium* 


In 1863 Ferdinand Reich, a professor of physics at the famous School 
of Mines at Freiberg, and his assistant, Hieronymus Theodor Richter, 
discovered the element indium. The former was born at Bernburg on 
February 19, 1799, and educated at Leipzig, Freiberg, Géttingen, and Paris. 

In 1822 he went on foot to Gét- 
tingen to study chemistry under Stro- 
meyer, whom he admired ‘‘because of 
his clarity and his appropriate choice 
of material’ (51), and at the request 
of the Freiberg authorities he selected 
apparatus, minerals, and rare books 
for the Mining Academy. In the 
following year he was sent to Paris on 
a similar mission, and returned with 
platinum ware, certified weights, ap- 
paratus, and minerals for the Freiberg 
Academy and for Stromeyer in Géot- 
tingen. While in Paris he studied 
at the Sorbonne, the School of 
Mines, and the Collége de France, 
and met Brongniart, Arago, Gay- 
Lussac, Thenard, Liebig, Elie de 

FERDINAND REICH 
Beaumont, and Alexander von Hum- 1799-1882 


boldt. He especially admired Gay- Professor of physics and inspector at 


Lussac “‘because of his modest sim- the Freiberg School of Mines. _Dis- 
coverer of indium. He studied the 


plicity, his thoroughness, and the  eviations in the declination of the 
wealth of his knowledge’ (51). magnetic needle, the rainfall and snow- 
From 1824 until his retirement in ys oa! ‘aa 
1866 Reich served as inspector of the 
academy, and had charge of the mineral collections, purchase of supplies, 
keeping of records, cataloging of the library, and the editing of a mining 
and metallurgical calendar. He made an extended study of the deviations 
in the declination of the magnetic needle, and for many years kept an 
accurate record of the rainfall and snowfall in Freiberg. Soon after his 
return from Paris he began to lecture on the French system of weights and 





* The portraits of Reich and Richter and much of the information about indium 
have been obtained through the kind assistance of Professor L. W. McCay of Princeton 
University and Professor O. Brunck, Rector of the Freiberg Academy. 
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CHEMICAL LABORATORY AT THE FREIBERG SCHOOL OF MINES 


measures, and the metric system was first introduced into Saxony by 
Reich, Herder, and Brendel. Reich’s observations of the temperatures of 
the rocks at different depths were of great scientific interest, and his 
results for the mean density of the earth were in good agreement with those 
of Cavendish. 

In the winter of 1830-31 Reich gave a continuation course of private 
lectures before about sixty educated citizens of Freiberg, most of whom 
were connected with the mines and smelters. Although these lectures 
added to his income, he discontinued them because they necessarily had to 
be less scientific than those designed for his regular students. For twelve 
years he also lectured on mineralogy, and for many years he had charge of 
the course in general chemistry. 

Since Reich was always deeply concerned about the welfare of his 
students and set apart a special evening for entertaining them, they regarded 
him as a true friend. He occasionally gave private lectures in French for 
foreign students who had difficulty with the German language. 

Smelter fumes which damaged crops, fodder, and stock were a serious 
problem. While Professor Carl Friedrich Plattner was studying means 
of removing sulfur dioxide, Reich devised a simple apparatus for deter- 
mining the sulfur dioxide content of vapors and gases. Even the erection 
at Hilbersdorf of the tallest smokestack in Europe failed to overcome the 
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difficulty, for the damage to fruits 
and trees then extended over a wider 
area than before. Although Profes- 
sor Reich studied the fumes in forty 
smelters and chemical plants in 
Germany, Belgium, and England, the 
problem was not settled until after his 
death when in 1890 a tall smokestack 
was erected at Halsbriicke (51). 

In 1863 Reich began a search for 
thallium in some Freiberg zinc ores 
from the Himmelsfiirst mine consist- 
ing mainly of arsenical pyrites, blende, 
lead glance, silica, manganese, copper, 
and small amounts of tin and cad- 
mium (19), (43). After roasting the 
blende to remove most of the sulfur HIERONYMUS THEODOR RICHTER 
and arsenic, he decomposed it with d eer 
hydrochloric acid (47). When Clem- Diet, of, the Freiberg School of 
ens Winkler, who was then a metal- _acteristic blue spectral lines of indium. 
lurgist in the Saxon smalt works, on tee pe iy oon, See 
visited Professor Reich in 1863, the 
latter showed him a straw-yellow precipitate and said, ‘“This is the sulfide 
of a new element” (52). Because of his colorblindness, however, Reich 
entrusted the spectroscopic examination to his assistant. 

Hieronymus Theodor Richter was born at Dresden on November 21, 
1824. He became a metallurgical chemist at the Freiberg School of Mines. 
When he placed some of the zinc blende in the loop of a platinum wire and 
heated it in the flame of a Bunsen burner, he observed a brilliant indigo 
line which did not coincide with either of the blue lines of cesium (20), 
(52). Because of this characteristic spectral line the new element was 
christened indium. The publication of this contribution under joint 
authorship was a mistake which Professor Reich afterward regretted, for 
Richter tried to make it appear that he was the sole discoverer (20), (51), 
(52). 

Reich and Richter found later that there are two indium lines, the 
brighter one being slightly more refrangible than the blue line of strontium, 
and the weaker one still more refrangible and located near the blue line of 
calcium. Indium compounds impart such a brilliant indigo-violet color 
to the Bunsen flame that they can be recognized even without a spectro- 
scope. 

They separated the chloride and the hydrated oxide of indium in small 
amounts, and, by cautiously heating a mixture of indium oxide and sodium 
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carbonate on charcoal by means of a blowpipe, they also obtained some 
impure metal (21), (43). Metallic indium is a white, ductile, easily fusible 
metal like tin, and it leaves a mark when drawn across paper. 

Reich and Richter found that it is easier to isolate it from the zinc than 
from the original blende. After preparing some indium oxide, they placed 
it in a porcelain crucible and reduced it in a current of hydrogen or illuminat- 
ing gas. They also succeeded in melting the metal under a layer of potas- 
sium cyanide (44), (45). At the suggestion of Ferdinand Reich, Clemens 
Winkler made a thorough study of the metal and its compounds (20). 

In Wells’ ‘“‘Annual of Scientific Discovery’’ one finds an interesting 
description of the first metallic indium: 


Two specimens of indium were exhibited at the Académie des 
Sciences in April, 1867, by Richter. They were prisms, each about 
four inches long, the section being that of a trapezium with a height 
of one-half inch and with bases respectively '/2 inch and */, inch in 
breadth. The metal was very pure and resembled cadmium; and 
Richter valued these two specimens at £800 (21). 


Professor Reich took no part in political life, and his excellent library 
contained no books on that subject. For a few years, however, he served 
as commissioner of the poor, and always acted for the best interests of 
those in need. Although he had no children of his own, Reich helped to 
support and educate the eleven children of his unfortunate brother Ludwig, 
who had lost both wife and fortune. Some of the nieces lived for years at 
the home of Professor and Mrs. Reich, and one nephew received his gym- 
nasium and university education through their generosity (51). 

Reich loved to travel, and even in his boyhood days he kept a detailed 
diary of all his trips. After his retirement at the close of 1865 he bought a 
little house, where he lived for more than twenty years, spending much time 
with his scientific journals and books. After the death of his wife in 1876, 
a grandniece kept house for him until his death on April 27, 1882. 

In 1875 Richter became director of the Freiberg School of Mines. His 
American student, LeRoy Wiley McCay, describes him as “‘a nervous, 
high-strung, mobile little man.’’ He was expert in metallurgy and assaying, 
and revised some of the later editions of Plattner’s ‘“Blowpipe Analysis.”’ 
One of his papers was on the extraction of gold from gold ores with chlorine 
water. He was most exacting with his students, who, nevertheless, enjoyed 
his unfailing good humor and bright flashes of wit (20). Richter died at 
Freiberg on September 25, 1898 (16). 
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INDUSTRIAL COOPERATION IN EDUCATION OF CHEMISTS* 


B. P. CALDWELL, POLYTECHNIC INSTITUTE OF BROOKLYN, BROOKLYN, NEW YORK 


The author suggests wider codperation between colleges and industries in 
connection with the prosecution of senior thesis work. This codperation can 
be effected most easily in the case of the night-school student whose day-time 
employment is in a chemical plant or laboratory. 

The advantages as well as the dangers of such coéperation are pointed out. 


Coéperation in education between engineering schools and industrial 
institutions is by no means a new idea. Various types of codperation have 
been tried over sufficiently long periods of time to establish their good fea- 
tures and to bring to recognition some of the bad. 

The method most commonly employed where such coéperation has been 
attempted is that of alternating periods of study in college and work in 
factory or industrial laboratory (Antioch Plan); or that of instruction by a 
faculty member during residence at a particular plant (M. I. T. Plan). 

These, and modifications of them, have been discussed in full, their opera- 
tion described in detail, and their results evaluated. 

I wish to present a plan of partial codperation with industry that is no 
doubt already practiced, but which should be more widely accepted, the 
results of which seem to me to be of value, and well worthy of consideration. 

In schools of science and engineering, and particularly in departments of 
chemistry, the value of the senior thesis is becoming more generally recog- 
nized. The avowed purpose of this work is to teach the student to attack a 
definite problem with intelligence, diligence, and initiative. That his 
findings are apt to be real contributions to knowledge is unlikely but by no 
means necessarily impossible. Be that as it may, the educational value of 
such work, done in an honest way, and in an intensive way, cannot be 
gainsaid. 

In connection with day instruction, cannot this thesis work be very gen- 
erally articulated with the student’s vacation work of previous summers? 
Of course many students do not work during vacation, but only play. But 
a large number do work. Such articulation may be difficult or impossible 
if the summer job has been that of bell-hop or waiter at a summer hotel, 
or counselor at a boys’ camp, or ticket chopper at an amusement park. 

But science students should not, if there is any way out of it, take such 
jobs. They should look to the future and make every endeavor to connect 
with a factory or laboratory or other commercial organization whose in- 
terests more nearly approximate their own. 

If such summer connection has been established, cannot the thesis 


* Presented before the Division of Chemical Education at the 83rd meeting of the 
American Chemical Society, New Orleans, La., March 28 to April 1, 1932. 
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subject chosen be one in some degree, however remote, related to the 
previous practical work of the pupil? 

With students in night schools the problem is not so difficult. The great 
enlargement of opportunities for higher education in the evening has at- 
tracted those who have to depend upon their own resources for their educa- 
tion, and, at least partially, for their maintenance. 

These constitute a fine body of young men and women. The true night 
life of a city like New York is not to be found in its blatant dance halls and 
night clubs, but rather in the work of hundreds of schools and colleges to 
which tens of thousands of young folk turn their way upon the stroke of 
five in the afternoon. 

Drawing from our own experience in the Departments of Chemistry and 
Chemical Engineering of the Polytechnic Institute of Brooklyn it has been 
found! that even in their first year of collegiate work 50% of the students 
are employed in the day in technical work and that the proportion rises to 
nearly 90% as the students’ years of collegiate study increase. This tech- 
nical work is nearly entirely chemical. 

These students come to us with a practical experience that is frequently 
surprising, and very naturally they have encountered in their day’s work 
many problems the answers to which they would like to find. Of course 
in many cases they propose to solve, in their theses, problems which re- 
search staffs of big corporations are unsuccessfully working upon. Fre- 
quently they want to “discover” something that will revolutionize an es- 
tablished industry and make millionaires of themselves in a year or two. 
This is, perhaps, natural. 

We treat them gently, show them the improbability of their success in 
solving in a few months a problem upon which the big corporations have 
been engaged for many years and upon which they have spent thousands or 
hundreds of thousands of dollars. We pare down their ambitions, take up 
some small part of the big problem, or one suggested by it, and set them 
to work. 

What are some of the advantages accruing from the investigation by the 
undergraduate of some problem of practical connection? 

1. The student's interest is whetted by a problem related to a definite 
manufacturing process or analytical procedure more than by a problem 
which to him is wholly abstract and theoretical and the applications of 
which he only dimly sees, if he sees them at all. 

2. The means by which to carry on the investigation, that is, material 
and special apparatus, as well as technical advice, are often immediately 
obtainable from the plant and its staff. 

3. The employer's interest in this employee is heightened and the latter’s 
chance for advancement enhanced. 


1 OLSEN AND SMITH, J. CHEM. Epuc., 6, 938 (1929). 
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4. Of no minor importance is the fact that the instructor himself is often 
enlightened upon manufacturing processes and practical short-cut indus- 
trial analytical methods, that he is taken away from his out-of-date text- 
book information, and is given an insight into chemistry as it is. All this 
must of necessity enliven his teaching to a marked degree. 

There are, of course, dangers which must be guarded against. The in- 
structor, to avoid future difficulties, must make it plain that he does not 
want to be informed of anything which the company is not willing he should 
know; that anything of a practical value that may result from the investi- 
gation (unless specific arrangements to the contrary have been made) are 
to be embodied in the student’s thesis, and are the property of the college, to be 
made public, if of sufficient importance; that direction of the investigation 
is in the hands of the instructor and not the company (although advice and 
assistance of the company are always welcome) ; that the principal object of 
the thesis is the education of the student and the solution of a scientific 
question, and not the benefit of the company. 

If these matters are clearly understood by all parties beforehand, there 
arises generally no untoward incident to mar the progress of the work. 

But they must be understood. Emphasis must at all times be placed 
upon the fact that the investigation is a college affair, under the direction 
of a college official, and that the company’s relation is only minor and inci- 
dental. The student himself must be continually warned to study the 
scientific rather than the applied side of his problem and the interests of 
his company are subsidiary to those of the college and of himself. 

Although the advantages of such coéperation are so obvious as really to 
make such a paper as this unnecessary, there may be some to whom the 
plan is a new one. To these the following illustrative cases, picked at 
random from my own pupils, may show how such problems as will naturally 
suggest themselves to teacher and pupil can be made to serve a real educa- 
tive purpose. 

A was employed by a printer’s ink concern. The subject given him was 
“Mineral Oils as Dispersion Media for Carbon Black.’ He became fa- 
miliar during the work with flash and fire points of oils, densities, viscosities, 
surface tension, interfacial tensions of oils and inks, tests of carbon black, 
apparent density of carbon black in different liquids, yield value of plastics, 
correlation of properties of inks with those of the dispersion vehicles. 

B had spent several summers in the laboratory of a large oil company. 
He was given the problem ‘‘Adsorption of Sulfur Compounds from Petro- 
leum by Fullers’ Earth and by Silica Gel.’’ The work taught him a great 
deal about adsorption in general from vapor phase and from liquid phase, 
analysis of oils, determination of sulfur, kinds of fullers’ earth, colloid 
content, réle of water in activation of silica gel, the bomb calorimeter, 
nephelometer, etc. 
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C had had employment in an illuminating-gas plant. The subject given 
him was the ‘Determination of H2S in Illuminating Gas.” This thesis 
finally resulted in a comparison of gravimetric methods and conductimetric 
methods of determining small quantities of sulfuric acid resulting from 
oxidation of hydrogen sulfide. He learned a good deal about oxidizing 
agents, electrical conductance, and its application to various analyses. 

D was translator and foreign exchange editor for a perfumery journal. 
His thesis was “‘A Study of the Ketones of Oil of Rue, and the Condensation 
of Methylnonyl Ketone with Ethyl a-Bromopropionate.’”’ Needless to 
say, he learned that organic chemistry does not consist in the mere writing 
of equations on a blackboard, that even well-recognized synthetic methods 
require experience by the operator for their success, that ultimate and proxi- 
mate analysis, and determination of physical properties must always guide 
any preparation of intermediates and final products. 

E was an instructor at a pharmacy college while applying for his B.S. 
in chemistry with us. The subject interesting him was biochemistry. 
“The Action of Light on the Esterase Activity of Soy Bean Lipase’ led to 
practice in enzyme preparation and tests in fat-splitting and also into spec- 
trophotometric examination of container bottles made of different colored 
glasses for transmission of light of different wave-lengths. 

The above examples are all taken from bachelors’ theses. In M.S. 
theses the same principles apply in more intensive degree, and many in- 
teresting examples of industrial codperation could be cited. One engaged 
in the manufacture of novocaine prepared a number of derivatives and stud- 
ied the pH of solutions of such substances in connection with the influence 
of substituent groups. The swelling properties of local anesthetics are con- 
nected with their acidity. 

Another, employed in an oil refinery, made a study of the changes in 
physical and chemical properties of rapeseed oil during air-blowing. 

Still another, employed in the manufacture of varnishes, made a similar 
study of linseed oil bodying. 

In all these cases the facilities of their plants were placed at the disposal 
of the students by the companies, and freely used. A really valuable co- 
operation resulted, which has in some cases benefited the company in a 
material way, and always benefited the student. 

We are not of the opinion that theses such as those referred to above 
should crowd out every other kind of thesis. Students who like a purely 
abstract scientific thesis should be given one. A teacher who can attract 
around him pupils interested in helping him develop his own restricted 

specialty should certainly receive their help. The only point we are at- 
tempting to make is that there exist frequent cases where an industrial 
contact can be cemented by means of a thesis which is mutually beneficial 
to college, student, teacher, and corporation. 
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A COLLEGE COURSE IN METHODS OF TEACHING SCIENCE 


VipA GEGENHEIMER, RUSSELL SAGE COLLEGE, TRoy, NEw YorK 


A special methods course devoted to the teaching of science in secondary 
schools is given as part of the training at Russell Sage College to those of its 
science students who have had foundatin courses in education and 
psychology and are preparing to teach. 

This outline emphasizes the teaching of science in general, with special 
reference to chemistry. Following it, the specific problems of biology and 
physics are discussed by members of these departments. The outline has 
developed by using as reference material the JoURNAL OF CHEMICAL 
EpucaTION and books found through its articles. It is interesting to note 
that it changes from year to year as material accumulates and different 
arrangements are made possible. This can be accomplished by abstracting 
journal articles on cards so that they may be filed under different headings. 
As can be readily foreseen, there are difficulties when an attempt is made 
to file many of the articles under a definite topic. In fact, there is so much 
overlapping of subject material that it is often desirable to discuss the 
articles separately, presenting the various ideas of the author, and then to 
correlate material according to the outline after the papers have been 
discussed. An attempt has been made to present the high-school point 
of view, although many papers dealing with college chemistry have been 
included because of their valuable contributions to the teaching of chem- 
istry, and the correlation of high-school and college chemistry. These 
references, reviewed in class, form the basis for class discussions. 


Outline of Course and References 
I. Introduction 
1. The Meaning of Science 
2. The Scientific Method 
3. History of Science Teaching in High Schools 
4. The Need of Studying Problems in Teaching Chemistry 


References: 
Introduction to Science. Thomson, Chaps. I and III 
The Meaning of Science. Twiss, Chap. I 
What Is Science and Is It Suitable for Instruction? Downing, Chap. IV 
The Status of High-School Science. Brownell and Wade, Chap. XVII 
Suggestions for Teaching the Scientific Attitude. New York State Syllabus, 
1930, p. 60 
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‘New Life in Old Chemistry. 2, 346 _ 

The Importance of Maintaining Interest. 2, 386 

The Problem of High-School Chemistry. 2, 471 

The Need for Research on Problems of Instruction. 2, 670 

Recent Advances in Teaching Elementary Chemistry. 4, 497 

The History of Chemistry Teaching in American High Schools. 8, 1533 
The Scientific Method in Practice. 8, 1817 
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The Teacher 


1. Personal Qualifications 
2. Professional Training 
38. Guiding Principles 

4, Service to Society 


References: 

The Science Teacher. Brownell and Wade, Chap. XII 

Professional Preparation of the Science Teacher. Brownell and Wade, 
Chap. XIII 

The Science Teacher and the Community. Brownell and Wade, Chap. XIV 

The Science Teacher as a Builder of Character. Brownell and Wade, 
Chap. XV 

Viewpoint of Science Teacher. Twiss, Chap. II 
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The Response of Students to Chemical Education. 1, 12 

The Need of Trained Teachers of Chemistry. 1, 35 

Making High-School Chemistry Worth While. 1, 104 

The Science Teacher’s Opportunity. 2, 1045 

Duties of One in Charge of the Department of Science. 3, 533 
Standards for High-School Chemistry Teachers. 3, 1178 
Qualifications of a Chemistry Teacher. 3, 1277 

What Sort of Chemistry Should Be Taught in the High School? 4, 58 
Self-Help for Teachers. 6, 1733 

Professional Spirit among Teachers of Chemistry. 7, 1366 
Qualifications of Chemistry Teachers. 8, 83 

Preparation of High-School Chemistry Teachers. 8, 102 

Comparison of Chemistry Group with Biology and Physics. 8, 556 
Chemistry in the Vocational High School of the Middle West. 8, 712 
Chemistry and Vocational Guidance. 8, 1353 


Reasons for the Study of Science in High School 
1.: Correlation with Everyday Life 
2. Interrelation of Biology, Chemistry, and Physics 
3. Objectives in Teaching Science 
(a) training 
(6) instruction 
(c) inspiration 
(d) development of moral laws and religious attitude toward daily life 


References: 

The Aims of Science Teaching. Downing, Chap. V 

What It Is to Study in High-School Sciences. Brownell and Wade, Chap. X 

Phases of Science Teaching in Moral Education. Brownell and Wade, 
Chap. XVI 

Government Bulletin, No. 26, pp. 12-6 

General Objectives. New York State Syllabus, 1930, pp. 1-11 
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The Objectives of High-School Chemistry. 2, 53 
The Importance of Teaching Chemistry. 2, 67 
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Objectives in Teaching Chemistry. 2, 585 

What Are Our Objectives in Teaching Chemistry? 2, 971 
Teaching Science as a ‘‘Way of Life.”? 6, 378 

Educational Aims in Teaching Elementary Chemistry. 6, 1120 
Training High-School Students to Drill Themselves. 7, 1315 
A Plea for Mercy. 7, 1645 

Objectives of the Courses in General Chemistry. 7, 1869 
Teaching Science as a ‘‘Way of Life.” 8, 670 


IV. Principles and Methods of Teaching Science 
1. Lesson Plan 


(a) object 
(b) development 
(c) summary 


2. Teaching the Lesson 
(a) in laboratory 
(6) in class 
3. Use of 
(a) lecture-demonstration 
: (b) textbook 
(c) tests 
(d) field observations 
(e) projects 
(f) library 
(g) study periods 


References: 
Methods in Science Teaching. Downing, Chap, VIII 
Methods of Teaching. Twiss, Chap. V 
Chemistry—Principles and Methods. Twiss, Chap. XX 
Chemistry—Practical Suggestions in Teaching. Twiss, Chap. XXI 
Lectures, Excursions, and Reviews. Twiss, Chap. [IX 
Instruction in the Classroom. Smith and Hall, Chap. V 
Class Management. Brownell and Wade, Chap. VI 
Use of Projects in Science Teaching. Brownell and Wade, Chap. VII 
Teaching ‘‘Cycle’’ in Secondary-School Science. Brownell and Wade, 
Chap. XI 
The High-School Science Library. Webb 
Government Bulletin No. 26, pp. 16-22 
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The Kinetic Theory—an Example of Right Thinking. 1, 75 

The Art of Lecture-Table Demonstrating. 2, 443 

Teaching Definitions in Chemistry. 4, 1031 

Students’ Research Work in High-School Chemistry. 4, 1241 
Posters in Chemistry. 5, 157 

A Chemistry Exhibit. 5, 280 

The Teaching of Chemistry in a Democracy. 5, 301 

The Chemistry Open-House as an Aid in Instruction, 5, 531 
The High-School Chemistry Library. 5, 861 

Experiences with Oral Recitations. 5, 994 
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Chemistry Projects in High School. 5, 1112 

How to Study Chemistry. 5, 1307 

Term Paper Practices in High-School Chemistry. 5, 1445 
Ideas that Persist in Chemistry. 6, 65 

Nomenclature of High-School Chemistry. 6, 72 
Fostering Science Clubs. 6, 496 

A Chemical Museum Exhibit. 6, 730 

Working Model By-Product Coke Plant. 6, 745 
Improvement of Scientific Ability. 6, 1130 

High-School Projects in Chemistry. 6, 1139 

Aims versus Methods in Chemistry. 6, 1512 

A Method of Chemical Instruction. 6, 1525 

A Prescription for Arousing Enthusiasm. 6, 1528 

Posters in High-School Chemistry. 6, 1535 

The Function and Limitations of Lecture Demonstrations. 6, 1882 
High-School Chemistry Demonstrations. 6, 1905 

Our Changing Education. 6, 1940 

The Lecture-Demonstration Method. 7, 109 

A Beginning Course Based on Principles of Chemistry. 7, 1317 
A Method of Teaching Equation Writing. 7, 1332 

Some Projects in Chemistry. 7, 1656 

The Displacement Series as a Means of Teaching. 7, 1895 
Training in Writing Chemical Equations. 7, 2127 
Methods of Increasing Interest. 7, 2141 

Training in Writing Chemical Equations. 7, 2725 
Teaching High-School Chemistry Teachers. 8, 524 
Making Posters for Chemistry. 8, 688 

Unit Method of Teaching Chemistry. 8, 910 

Inspection Trips. 8, 919 

Recitation Methods. 8, 1153 

The First-Year Chemistry Course. 8, 1781 
Hydrogenation of Oils. (Project.) 8, 1856 

A New Type of Chemistry. 8, 2214 

Chemistry Scrap Books and Magazines. 8, 2416 


V. Educational Psychology Applied to Science Teaching 


1. Psychological Basis for Objectives 
2. Educational Functions and Values of the Sciences 
3. Cultural Value of Science 


References: 
Science and Children. Twiss, Chap. IV 
Educational Functions and Values of the Sciences. Twiss, Chap. VI 
The Disciplinary and Cultural Values of Science. Twiss, Chap. VII 
An Educational Creed in Connection with Teaching. Brownell and Wade, 
Chap. VIII 
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The Final Product, or, What Can Be Accomplished. 1, 109 
The Course in High-School Chemistry. I. 1, 183 

A Plea for Interest. 2, 141 

Some Misconceptions of Chemical Education. 2, 142 
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The Course in High-School Chemistry. II. 2, 188 

Problems of Curriculum and Method of Instruction. 2, 998 

Why Are Students Not More Interested in Chemistry? 3, 556 
Salvaging the Superior High-School Chemistry Student. 3, 1380 

A Psychological Basis for Objectives. 4, 364 

Application of Psychology to Teaching High-School Chemistry. 6, 2181 


VI. Content of High-School Chemistry Course 
1. Correlation with Previous Science Work 
2. Correlation of High-School and College Chemistry 
3. Outlines of Study 
(a) minimum essentials 
(b) supplementary work 
(c) special topics 


References: 
“A Diagnostic Study of the Subject Matter of High-School Chemistry.” 
Powers 
Government Bulletin No. 26, 1920, pp. 42-9 
New York State ‘‘Syllabuses in Physics and Chemistry.’”’ 1930 
College Entrance Examination Board Requirements. 
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The High-School Course versus College Requirements. 1, 55 

Correlation of High-School and College Chemistry. 1, 87 

Should the Electron Theory Be Included in High School? 1, 145 

The Student’s Viewpoint. 2, 113 

Problem Work in Elementary Chemistry. 2, 136 

A Minimum or Maximum Course. 2, 235 

Questions Relative to Correlation of High-School and College Chemistry 
Courses. 2, 260 

Report of Committee on Relationship between High-School and College 
Chemistry. 2, 269 

Suggestions for Modifying Content. 2, 737 

Overlapping of High-School and College Chemistry. 2, 798 

Correlation of High-School and College Chemistry. 4, 640 

Curriculum for Every Man’s Son and Daughter. 4, 976 

What Chemistry Should Every Adult American Know? 4, 1493 

Qualitative Analysis in High-School Chemistry. 5, 84 

High-School Student in Formula and Equation Writing. 5, 304 

Relation of Forest Mantle to Teaching Chemistry. 5, 314 

Chemistry in a Coéperative Industrial Course. 5, 425 

Correlation of High-School with College Chemistry. 5, 1627 

Teaching of Qualitative Analysis. 6, 486 

Valence as Defined in High-School Texts. 6, 718 

The Teaching of Quantitative Analysis. 6, 1953 

Present Specific Objectives in High-School Chemistry. 6, 1958 

Segregation of High-School Chemistry Pupils. 8, 1598 


VII. Laboratory Instruction 
1. Correlation of Laboratory and Class 
(a) precedence of laboratory work and recitation 
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(b) proper order of laboratory and textbook work 
(c) lecture-demonstration 


2. Methods of Laboratory Practice 


(a) selection of laboratory manual 
(6) method of recording results 
(c) inspection and grading of notebooks 


3. Educational Values of Laboratory Method 


References: 


Instruction in the Laboratory. Smith and Hall, Chap. IV 

Classroom and Laboratory Instruction. Twiss, Chap. VIII 

Place of Laboratory Work in Teaching of Science. Brownell and Wade, 
Chap. I 

Character of the Laboratory Exercises and the Laboratory Manual. Brownell 
and Wade, Chap. II 

Written Work of the Laboratory. Brownell and Wade, Chap. III 

Comparison of Different Methods of Laboratory Practice. Carpenter, 
Chap. IV 

Report of N. E. Chemistry Teachers’ Association 
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The Advantages of Laboratory Work. 1, 205 

Types of Thought Questions in Laboratory Manuals. 2, 167 
Place of Technical Work in Laboratory Manual. 2, 170 

The Laboratory Study of Chemistry. 2, 231 

Correlation of Lecture, Recitation, and Laboratory Work. 2, 566 
Suggestions as to Selection of a Laboratory Manual. 2, 605 
Study of Methods for Recording Laboratory Notes. 3, 296 
Achievements of Pupils in Laboratory Instruction. 3, 307 
Notebooks in Laboratory Instruction. 3, 419 

Some Unstressed Essentials in Teaching. 3, 787 

Different Methods of Laboratory Practice. 3, 798 

Practical Chemistry. 3, 876 

Laboratory Reports. 3, 1313 

Fundamentals of Laboratory Instruction. 4, 359 

How Grade Laboratory Notebooks? 4, 890 

How, When, and Where Grade Notebooks? 4, 892 

Laboratory Instruction in Chemistry. 5, 459 

Order of Precedence of Laboratory Work and Recitation. 5, 1300 
Does Laboratory Work Belong? 5, 1432 

An Outstanding High-School Department of Chemistry. 5, 1571 
Testing Laboratory Technic. 6, 1321 

Should Laboratory or Recitation Have Precedence? 7, 571, 1355 
Tradition versus Effectiveness. 7, 1642 

Making Laboratory Work Effective. 7,.2913 


The Place of the Natural Sciences in the Curriculum 





1. Place and Time Devoted to Biology 
2. Place and Time Devoted to Chemistry 
3. Place and Time Devoted to Physics 
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References: 
The Sciences and the Curriculum. Twiss, Chap. XI 
Teaching of Chemistry and Physics. Smith and Hall, Chap. II 
Government Bulletin No. 26, 1920, pp. 22-4 
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Some Suggested Changes in High-School Chemistry. 2, 447 
Grade in Which Chemistry Is Offered. 5, 1301 


IX. Examinations and Tests 
1. Value 
(a) old type (essay style) 
(6) new type (true and false, completion, etc.) 
2. Types 
(a) standard 
(1) high school, accomplishment (Powers) 
(2) college, aptitude and placement (Iowa) 


(b) teacher-made 
(1) principles governing construction 


References: 
Examinations and Tests. Twiss, Chap. XXIV 
Examinations as Tests of Progress and Proficiency. Brownell and Wade, 
Chap. IX 
Tests in Science. Downing, Chap. IX 
A Diagnostic Study of Subject Matter in High-School Chemistry. Powers 
Preparation and Use of New-Type Examinations. Paterson 
New-Type Questions in Chemistry. Cook 
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Tests of Achievement in Chemistry. 1, 139 

How Long Do Students Retain What They Have Learned? 2, 174 
A Study of Pupil Errors in Chemistry. I. 2, 760 

Mental Processes Required in Examinations in Chemistry I. 3, 445 
Mental Processes in Recent Examinations in Chemistry II. 3, 525 
The Value of Oral Examinations. 3, 773 

The Value of Tests in Writing Chemical Equations. 3, 915 

The Selective Value of Powers’ General Test. 3, 1138 

Chemical Equations. 3, 1305 

A Study of Pupil Errors in Chemistry. II. 4, 45 

The New-Type Method of Testing—A Criticism. 4, 1414 
New-Type Tests Meet a Need. 4, 1418 

Tests and Testing. 4, 1459 

Relation between Intelligence and Success in Chemistry. 5, 76 
More Scientific Education; Less Educational Measurement. 5, 189 
Diagnostic Study of Difficulties and Remedial Measures. 5, 208 
The New-Type versus Old-Type Tests (comparison). 5, 854 
Finding the Superior High-School Chemistry Student. 6, 76 
Differentiation for Variations of Learning Capacities. 6, 327 

The New-Type Examinations. 8, 2227 
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References for Iowa and College Tests: 


Predicting Performance in Chemistry. I. 2, 701 

A Test of Achievement in College Chemistry. 3, 70 

Forecasting from Aptitude’ Examination Scores. 3, 785 

Orientation of Students in Chemistry. 3. 903 

Predicting Performance in Chemistry. II. 3, 1408 

Note on Results from Iowa Chemistry Tests. 4, 894 
_ An Experiment in Predicting Performance. 4, 1168 

The Chemistry Training of High-School and College Students. 6, 85 
The Prediction of the Future Performance from Past Records. 6, 93 
Experiments in Teaching Chemistry. 6, 1740 

Aptitude Test as a Basis for Sectioning. 7, 1118 


X. Textbooks—Examination of 
1. Black and Conant: ‘Practical Chemistry.’”’ Macmillan, 1929. 
2. Brownlee and others: ‘Elementary Principles of Chemistry.’ 
and Bacon, 1926. 
3. Bruce: “High-School Chemistry.’”’ World Book Co., 1928. 


Allyn 


4. Fletcher, Smith, and Harrow: ‘Beginning Chemistry.’’ American Book 


Co., 1929. 
5. Gordon: ‘Introductory Chemistry.’”’ World Book Co., 1927. 


6. Gray, Sandifur, and Hanna: ‘‘Fundamentals of Chemistry.”” Houghton, 


Mifflin & Co., 1929. 


7. McPherson and Henderson: ‘‘Chemistry and Its Uses.’’ Ginn and Co., 


1927. 
8. McPherson, Henderson, and Fowler: ‘“‘Chemistry for Today.” 
and Co., 1930. 


9. Newell: “Brief Course in Chemistry.””’ D.C. Heath, 1929. 
10. Newell: ‘Practical Chemistry.” D.C. Heath, 1929. 


References: 


Ginn 


Text Books in Science Teaching and Their Purpose. Brownell and Wade, 


Chap. V 
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An Analysis of High-School Texts in Chemistry. 2, 785 
Report of Committee on Textbooks. 5, 1302 

Selecting a Chemistry Textbook. 6, 1331 

Evaluating General Chemistry Texts. 8, 2404 


XI. Equipment and Supplies 


Budget 
2. Requisition 
3. Purchasing 
4. Accounting 
5. Storage 
6. Distribution 


Laboratory Space Provisions 

8. Service (water, gas, electricity) 
9. Permanent equipment (furniture) 
10. Fire Protection 








Vo 


Jol 
BR 


Ca 
Col 
Co 


Do 


No 
Pa 


Po 








1932 


0k 


on, 


nn 








Pe ie 
9 OECRTY = 


PROTERT Op 
in. 
Vor. 9, No. 8 METHODS OF TEACHING SCHENGE * 1447 ~ 


Y 


References: mm. / / 
Laboratory Construction and Equipment. The Chemi@aReandnelor™ Tne. 
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Laboratory Equipment. Smith and Hall, Chap. VII 
Administration of High-School Chemistry. Carpenter, Chap. II 
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Starting the Small Chemical Laboratory. 2, 353 

Handling of Materials and Apparatus. 3, 514 

A New Chemical Laboratory Fume Duct System. 5, 589 

Minimum Equipment for High-School Chemistry. 5, 749 

An Investigation of Types of Classrooms. 6, 634 

The Modern Chemical Lecture Hall and Preparation Room. 6, 1887 
Laboratory Equipment and Instruction. 7, 1878 

Types and Number of Balances Essential for High School. 8, 936 
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THE ADMINISTRATION OF CHEMISTRY IN STATE TEACHERS’ 
COLLEGES 


Tuomas C. HERNDON, EASTERN STATE TEACHERS’ COLLEGE, RICHMOND, KENTUCKy 


This study attempts to determine the status of chemistry training and the 
facilities in sate teachers’ colleges. Basing conclusions on the data from sixty 
state teachers’ colleges, very wide variations in practice were found in almost 
every item investigated, indicating the need of certain standards. Recom- 
mendations for a partial curriculum for a chemistry major were almost 
unanimously for general, organic, and analytical chemistry, with consider- 
able emphasis on physical chemistry. Additional work for a chemistry major 
comprised physics, mathematics, biology, foreign language, and education. 


A recent issue of the JOURNAL OF CHEMICAL EpucaTION (Oct., 1930) 
carried a series of interesting articles describing recent chemical develop- 
ments in the South. Similar articles could be written about any other 
section of the country. The products of the electric furnace at Niagara 
Falls, the meat-packing by-products in Chicago, the metal industries in the 
North and West, the wood-pulp and paper products of the same regions, 
are but a few instances cited from an almost endless list that might be 
detailed to indicate the dependence of modern life on chemical industry. 

The time is at hand when it is imperative that every educated person 
must know the fundamentals of chemical science to understand the ever- 
increasing changes that are constantly taking place in the world. It is 
equally important for those individuals who do not pursue higher education 
to learn the rudiments of chemistry that they, too, may better adjust 
themselves to their environment. Only through a proper adjustment to 
environment may the highest type of citizenship be realized. 

The high schools, both junior and senior, have the opportunity and the 
responsibility of transmitting to the masses of the people a basic under- 
standing of science, including chemistry. An ever-increasing proportion of 
high-school teachers is being trained in the state teachers’ colleges. It is 
obvious, then, that a great responsibility for the proper training of high- 
school chemistry teachers rests upon these institutions. It becomes 
pertinent, therefore, to inquire as to the nature of the offering in chemistry 
and its administration in the state teachers’ colleges. 

In order to secure the desired information concerning the administration 
of chemistry in state teachers’ colleges, a questionnaire was mailed to the 
heads of the departments of chemistry in one hundred unselected state 
teachers’ colleges in forty-one states. All of these institutions are four- 
year, degree-granting colleges and all are members of the American Associ- 
ation of Teachers’ Colleges. Sixty per cent. of the questionnaires were 
returned. Twenty-eight states were represented in the replies, which 
were well distributed over the country as a whole. 
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The first part of the questionnaire dealt with the types of courses offered, 
their length, hours in classroom and in the laboratory, and the number of 
students enrolled in each course. The second part of the questionnaire 
concerned the teaching staff, the financial support, value of equipment, 
number of students majoring and minoring in chemistry, and other such 
matters. 

The data collected in the questionnaires were compiled and analyzed, 
and are presented in the following tables. 


TABLE I 
Data on Offerings in Chemistry 
Hours per Hours per Length of Students 
Percentage Weekin Weekin Course in Enrolled 

Title of of Colleges Classroom Laboratory Weeks in Classes 

Course Offering Range Mean Range Mean Range Mean Range Mean 
General Chem. 96 2-5 2.6 2-7 3.9 24-40 35 11-292 66 
Organic Chem. 77 14 2.4 2-10 4.1 12-40 29 2-75 19 
Qual. Anal. 70 0-3 1.7 3-15 6.2 12-36 17 2-50 17 
Quant. Anal. 69 0-3 1.4 3-10 6.7 12-36 22 4-30 11 
Physical Chem. 30 14 2.7 0-5 2.5 12-36 22 1-13 6 
Teach. of Chem. 26 2-4 2.5 0-4 0.7 9-20 15 2-30 9 
Food Chem. 26 1-3 2.1 06 3.7 12-40 17 6-70 17 
Biochemistry 24 1-4 2.4 0-4 2.6 11-40 17 6-75 25 
Adv. Quant. 18 0-3 1.3 4~12 7.2 12-36 17 2-21 rs 
Organic Preps. 18 0-2 1.0 6-12 8.0 12-36 21 2-15 Y i 
Industr. Chem. 16 1-5 2.4 0-10 2.3 12-30 13 4-20 10 
Survey Course 14 14 2.6 0-4 1.4 11-18 13 11-90 32 
Adv. Inorganic 12 2-4 3.0 26 4.0 12-40 22 10-150 48 
Hist. of Chem. 10 24 2.6 oH Bits 12-20 15 2-11 7 
Adv. Qual. 7 1-2 1.3 4-12 8.0 12-24 16 3-12 8 
Inorg. Preps. 7 0-1 0.8 2-12 6.0 12-18 15 4-15 8 
Textile Chem. 5 2- 2- 0-6 3.3 12-20 17 6-15 Ill 
Adv. Organic 5 Offered on demand—credit varies 
Miscellaneous 7 


Table I shows that the usual offerings by the chemistry departments of 
state teachers’ colleges are general, organic, and analytical chemistry. 
A fair percentage also offer physical chemistry. The teaching of chemistry, 
food chemistry, and biochemistry are offered by only about one-fourth of 
the colleges reporting. Very little emphasis is placed on the history of 
chemistry or on survey courses. Agricultural chemistry is not offered by 
the chemistry department of any of the institutions making a report. 

Neckers and Abbott! have outlined a curriculum for the training of 
chemistry majors in a state teachers’ college. They include general, 
analytical, organic, and physical chemistry. If this be accepted as a 
standard, it is evident that not more than thirty per cent. of the colleges 

1 NECKERS AND ABBOTT, “Chemistry Curriculum for Teachers’ Colleges,”’ J. CHEM. 
Epuc., 8, 1626 (Aug., 1931). 
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reporting are offering sufficient chemistry to meet the demands of a major 
in the subject. Even if only general, organic, and analytical chemistry be 
required of a major, a check on the original data reveals the fact that but 
sixty-five per cent. of the colleges offer this combination. These figures 
indicate that in at least thirty-five per cent.—perhaps more—of the colleges 
reporting, the departments of chemistry need some reorganization. 

One outstanding fact shown by Table I is the great divergence of time 
devoted to, and credit allowed for, a given course in the different colleges. 
This wide variation prompts the question: What is a course in, say, general 
chemistry? If there is little agreement on this most fundamental course, 
there can be but little hope for agreement on other courses. This is a 
serious defect and should be remedied. 


TABLE II 
Miscellaneous Administrative Data 


TeDNNNNRNE Tih POTIOBE ons bo 5 oe cs SEs Bs CaO RS ee lame a we 860 150-2200 
PO RNRONAE: Sib ARMRNRNIOI 58 SL Wt Sain pga 4 o's SLRS ote re bale bees a5 180 21-481 
Percentage of total enrolment in chemistry...................... 15 3.1-39 
Percentage of chemistry students in freshman classes............. 71 17-100 
DRUREIIOGS GE CCHIT IN eo oS iii NS IE Oe Osea ee 16 0-100 
UMIIIE RIT Or UNOIRIINEN MIIIIN oh. Siig 6a 5 ob 5c ic nS o'er bbls oe eben 13 0-125 
Number of instructors in department*....................20204- 1.8 0.5-5 
Percentage of colleges with more than one full-time chemistry in- 

RIN ica CSN oan ees Ge eee beer 8 ob ale in Oe a ew Wn eT aera 55 
DUES OF AUCTIONEER 05255 as ces oko .c oaree eh Ree ees 2 0-11 
Percentage of colleges with separate departments of chemistry... .. 42 
Percentage of colleges with chemistry department combined with 

EE I sik ek Geis tia Slice WTS voce ew bia Gere 4e 8 Se ee 58 
Number of semester hours of chemistry offered................... 380 8-57 
Number of different courses offered**.............0ccceceeeeeces 5 1-15 
Percentage of colleges offering no chemistry... ................. 3 
Percentage of colleges offering less than eighteen semester hours of 

CNR! ic, Fiais blow io ics oboe abr a ale Sob ee VUES ys Hale ees 26 
Percentage of colleges offering general, qualitative, quantitative, and 

NN ee Se ta liiuig ty sd etnies Vig las £ G. done-aievacd alow duere wien Miaate 65 
Percentage of colleges requiring a laboratory fee.................. 56 
Laboratory fee per course per semester...............0.cceceeeee $2.25 0-$7.00 
Average chemistry enrolment in colleges with lab. fees............ 127 
Average chemistry enrolment in colleges without lab. fees......... 131 
Annual departmental income from laboratory fees................ $362 0-$2500 
Annual departmental income from general maintenance funds...... $639  0-$2000 
Annual departmental income per student.....................05- $7.70 $4-$25 
Value of laboratory furniture and fixtures...... Pagani pie boxe cna $4315 $350-$30,000 
Value of apparatus and chemicals... .......... 00.0. cccececcecces $3977 $300-$12,000 


* Assuming that a part-time instructor devotes one-half of his time to chemistry. 
** A course, such as general or organic chemistry, which continues throughout a 
year is considered as a single course even though it may be catalogd as two or more 


separate courses. 
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Table II is largely self-explanatory. A few items, however, merit special 
attention. The proportion of students enrolled in chemistry, 15%, is 
rather small. This indicates that the opportunity to popularize chemistry 
is being neglected. The correlation, 0.66 + 0.056, between total college 
enrolment and enrolment in chemistry seems to show that this lack of 
emphasis is general. 

Another outstanding fact revealed by this study is that 71% of all 
chemistry students are in the first course. This points to a high depart- 
mental mortality. Possibly, improved instruction in the first year would 
decrease this mortality. 

There is a great variation both in the number of courses and the total 
semester hours offered among the different colleges reporting. It has 
already been pointed out that there is great variation in the credit allowed 
for the different courses. These facts considered together indicate that 
some system for standardizing the offerings in chemistry in state teachers’ 
colleges would be highly desirable. It is to be observed that only about 
3.5% of the students are either majoring or minoring in chemistry. The 
correlation between number of majors and minors and number of semester 
hours of chemistry offered is 0.63 + 0.06. The inference to be drawn is 
that more students would pursue higher chemistry if more courses of senior 
college rank were offered. 

The institutions reporting seem to be fairly well staffed and supported 
for undergraduate work. It is somewhat surprising that but few more than 
half avail themselves of the income to be derived from laboratory fees, 
since laboratory fees do not seem to act as a deterrent to students enrolling 
in chemistry. 

Tables III and IV summarize the replies to the last two questions of the 
questionnaire, concerning a suggested curriculum for a chemistry major. 


The recommendations are almost unanimous for general, analytical, and 
organic chemistry. Considerable emphasis is placed on physical chemistry 
while astonishingly little thought is given to professionai courses in the 


TABLE III 
Courses in Chemistry Recommended for a Chemistry Major 

Percentage of Number of Semester 
Courses Colleges Making Hours Recommended 
Recommended Recommendation* Mean Range 
General chemistry 77 8.6 5-16 

Qualitative analysis oe 4.3 2-8 
Quantitative analysis 77 5.0 3-10 
Organic chemistry 77 7.2 4-10 

Physical chemistry 40 5.0 2-8 

Teaching of chemistry 24 2.5 2-8 

History of chemistry 7 3.0 2-4 








* About 20% of the colleges reporting failed to make any recommendation. 
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TABLE IV 
Requirements Other than Chemistry Recommended for a Chemistry Major 
Percentage of Number of Semester 
Colleges Making Hours Recommended 
Department Recommendation* Mean Range 

Physics 83 10.8 6-16 
Mathematics 85 12.0 2-24 
Biology 80 7.0 2.5-18 
Foreign language 80 se bey 6-24 
Education 80 15.0 8-30 


* About 15% of the colleges reporting failed to make any recommendation. 


teaching of chemistry. A possible explanation of this last point may be 
that such courses are frequently included in the department of education 
rather than in the department of chemistry. 

As to recommendations other than in chemistry, there is almost a 
unanimity of opinion that physics, mathematics, biology, foreign language, 
and education should be studied by a student majoring in chemistry. 

In all the recommendations, both in chemistry and in other departments, 
there is a wide divergence of opinion as to the number of required se- 
mester hours. The suggested requirements total about eighty-nine semester 
hours, considering the mean values in Tables III and IV. 


Summary 


(1) Wide variations in practice found in nearly every phase of the ad- 
ministration of chemistry studied indicate the need of standardization. 
(2) Practically all colleges reporting offer some chemistry. 
(3) Thirty-five per cent. of the colleges reporting are not offering suffi- 
cient chemistry to satisfy the most fundamental training in the science. 
(4) There are too few students enrolled in chemistry. 
(5) There is a too-great concentration of students in the freshman 
classes. 
(6) There are too few chemistry majors. 
(7) Insufficient senior college chemistry is being offered in many colleges. 
(8) There is a high correlation between number of majors and minors 
and the number of semester hours of chemistry offered. This indicates 
that more students would major in chemistry if more hours were offered. 
(9) Laboratory fees do not decrease enrolment. 
(10) The departments seem to be fairly well staffed, equipped, and 
supported. 
(11) Very little attention is given to the teaching of chemistry in the 
suggested curriculum for a chemistry major. 
(12) There is a rather high degree of unanimity as to what subjects a 
student majoring in chemistry should study but a great difference of 
opinion as to the quantity. 
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THE PREPARATION AND PRESERVATION OF LARGE 
CRYSTALS OF CHROME ALUM 


LEONARD J. FLIEDNER, GEORGE WASHINGTON HIGH ScHOOL, NEw YorK City 


The method used to grow crystals of chrome alum weighing over twelve 
pounds is described. Various attempts to preserve these crystals are also 
mentioned. The use of crysial growing as a project for high-school chemistry 
pupils is suggested. 


The great interest shown by teachers and pupils who have seen the 
crystals described herewith has led the author to record the method 
used in growing them, for the benefit of others who are interested. The 
crystals were first shown at a meeting of the Chemistry Teachers’ Club of 
New York City. Later they were exhibited at the annual dinner of the 
combined science clubs 
of New York City. 

The interest of the 
author in crystal growing 
was aroused by an article 
in the JOURNAL OF CHEMI- 
cAL EpucaTION! that 
described crystals of 
chrome alum which had 
grown to a size of 700 
grams in sixteen months. 
It appeared that it might 
be interesting to permit 
crystals of this substance 
to grow over an extended CrysTAL OF CHROME ALUM—WEIGHT 12 Pounps 
period of time. 

The first step in the procedure was to obtain seed crystals. This was 
done by making a saturated solution of chrome alum, using cold water. 
Heat cannot be applied as it usually is in making saturated solutions, 
because, upon boiling, the violet solution turns green due to the different 
degree of hydration in each case.2 The green solution does not crystallize 
readily and is therefore unsuited for the experiment. The cold, saturated 
solution was filtered and set aside to crystallize. After several days a 
cluster of small crystals was found on the bottom of the beaker. From this 
deposit, fragments of single, octahedral crystals were separated and were 
placed in several small beakers, each containing some of the saturated solu- 
tion. These beakers were then set aside in a room having as uniform a tem- 














1 ROHRMAN AND TAYLOR, J. CHEM. Epuc., 6, 473-8 (Mar., 1929). 
2 SmitH, ‘‘College Chemistry,” Rev. Ed., The Century Co., New York City, 1929, 
pp. 699, 700. : 
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perature as it was possible to find. This happened to be the photographic 
dark room. The crystals were removed from the solutions about twice 
each week. At this time small bud crystals forming on the main crystals 
were scraped off and the beakers were refilled with freshly filtered solution, 
The crystals were then replaced. 

At the beginning of the experiment the growth was rather slow, but as 
the crystals became larger the rate of growth increased until they grew as 
much as 100 grams in a week. At all times during the growth of the crystals 
they were allowed to rest on the bottom of the beakers. In order to aid 
symmetrical growth they were rested on a different face after each removal 
from solution for scraping. Of the six original crystals started in this 
experiment four were removed at various stages of their growth. The 
larger of the remaining two (shown in the photograph) now weighs 5500 
grams, or slightly over 12 pounds. Each of the triangular faces forming 
the eight sides of the octahedral form measures 20 centimeters on 
edge. 

When the crystals were permanently removed from solution, difficulty 
was encountered in preventing them from disintegrating. Chrome alum 
effloresces rapidly and the violet crystals soon crumple to a light-colored 
powder. Various protective coatings were applied to the crystals to pre- 
vent the evaporation of the water of crystallization. Among the sub- 
stances tried were sprayed colorless lacquer, Valspar varnish, melted 
paraffin, and paraffin dissolved in petroleum ether. None of these sub- 
stances gave the desired degree of protection. 

In a second series of beakers the author grew several crystals of ordinary 
alum, potassium aluminum sulfate. When these crystals were removed 
from their saturated solution they retained their water of crystallization and 
also their form. It was then decided to try to protect the crystals of 
chrome alum by coating them with the potassium aluminum alum. This 
was accomplished by immersing them in a saturated solution until a 
layer about one-eighth inch in thickness had been deposited. Crystals 
thus treated have remained exposed for more than a year and are still 
intact. 

These rather detailed directions are given for the benefit of teachers and 
pupils who may be interested in growing crystals as a hobby. They may 
also prove useful to teachers who may wish to use crystal-growing as a pupil 
or chemistry-club project. For pupil projects copper sulfate is also a 
good substance to use. The crystals grow rapidly, the material is cheap, 
and they have the interesting asymmetric form. The author has in his 
possession crystals of copper sulfate weighing over 1300 grams that grew to 
that size in two semesters. The interest of the pupils in our chemistry 
classes in this particular project makes it seem worth recommending to 
other teachers of chemistry. 
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VAPOR PRESSURE-VAPOR COMPOSITION CURVES OF IDEAL 
SOLUTIONS OF TWO VOLATILE, CONSOLUTE LIQUIDS 


H. S. vAN KLOosTER, RENSSELAER POLYTECHNIC INSTITUTE, TROY, NEw YORK 


Introduction 


It is an established fact that a binary system of two consolute, volatile 
liquids gives sometimes a straight-line relationship between the vapor 
pressure (at constant temperature) and the composition of the solution 
when the latter is expressed in mol fractions of the two components. This 
case is comparatively rare and applies only to liquid pairs in which there is 
practically no volume change, nor any heat effect, on mixing, as, for in- 
stance, in dissolving benzene in its nearest homolog, toluene. This is the 
example most frequently 
quoted in textbooks. Such 
a pair of liquids might be 
called an “‘ideal’’ liquid so- 
lution. Now the straight 
line connecting the points 
P, and P2, representing the 
vapor pressures of the con- 





T = CONSTANT 























solute ideal liquids A and y’ u 
B (see Figure 1), shows at al bs, Ey 5, Si 
once the relation between A Sige \S ‘ 
e ™~ i 
the vapor pressure of a 5 N \ ea. 
- * a ie ils ee mM 
given solution and the 2 Sag ee 
composition (in mol frac- - a 
: ae ra) ae po! he, 
tions) of the liquid phase g od : a 
with which the vapor is in _--~MOL FRACTION OF B—|n Ss 
equilibrium. In none of -s0 A 0e5 050 075 B 
the texts consulted by the FIcuRE 1 


writer is there any refer- 

ence to the fact that the points indicating the composition of the vapor in 
mol fractions lie on an equilateral hyperbola through the points P; and P». 
This is rather surprising when one considers that for non-ideal liquids ‘wo 
curves are always drawn, viz., one for the composition of the liquid and 
one for the composition of the vapor. These curves are either without a 
maximum or a minimum (convex for the liquid and concave for the vapor) 
or else they exhibit a maximum with a common horizontal tangent or a 
minimum with a common horizontal tangent as the case may be. 


Discussion 
Since the hyperbolic vapor pressure-vapor composition curve can be 
readily constructed and its equation established the following brief dis- 


cussion may be of interest. 
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For the composition NV (Figure 1) the total vapor pressure is represented 
by NL (= BL’), the partial pressure of B by NM (= BM") and that of 4 
by ML (= KN = M'L’). 

The mol fraction of B in the vapor is M’B/L’B and that of A is L’M’'/ 
L’B. Draw the line V’LL’ parallel to AB. 

Connect B with V’ and draw M’V parallel to BV’. 

V then represents the point which indicates the composition of the vapor 
V in equilibrium with the liquid L. 

For any other solution the composition of the vapor can be similarly 
found when that of the coéxisting liquid phase is given. 


Mathematical Development 


If the (total) vapor pressure is p and the mol fraction of B in the vapor is 
x, while the corresponding mol fraction of B in the liquid is x’, the following 


relations hold: 
MN = x'P2 = xp = a 
LM (=KN) = (1—«’)P; = (1—x)p (II) 


Adding (I) and (II) we get: 
x’P, + (1 —x’)Pi = p or: 





eae P; aa p 
5 
Substituting this value in (I): 
FS é Toes! DEE pean... Caer ae 
oe wee ee ee Aa 
P, P,P, 








OS ee oO ee 


Moving the p-axis to the left over a distance of P2/(P: — P2), the equation 
takes the form: 
PP 
sf ‘n P; — P, 





which is the expression for an equilateral hyperbola through P; and Py». 

In the particular figure presented in the text P; is taken as 3P, and the 
distance AB (= 1) equal to P;—Pz» in which case the vertical asymptote 
lies to the left of A at a distance of !/.AB. 
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THE EQUILIBRIUM RELATIONS IN A WATER SOLUTION OF 
CUPRIC BROMIDE 


T. H. WHITEHEAD, UNIVERSITY OF GEORGIA, ATHENS, GEORGIA 


The use of cupric bromide solutions to demonstrate chemical equilibrium and 
the common-ion effect is criticized by showing that it will not consistently do 
this. The actual results obtained are discussed and an explanation based upon 
the Werner theory 1s advanced. This explanation is for the instructor only. 
It is suggested that our texts should choose a better system to demonstrate the 
processes mentioned above. Such a system is ferric thiocyanate dissolved, or 


formed, in water. 


The use of an aqueous solution of cupric bromide to demonstrate chemi- 
cal equilibrium to the student is fraught with difficulties unless the instruc- 
tor is careful. It is, of course, common knowledge that when water is 
added to brown cupric bromide crystals a green color results and changes to 
blue as more water is added. 

This color change is attributed to the ionization of CuBr, into Cut* and 
2Br~, in two of the better books on inorganic chemistry, (1), (2). To quote 
Smith (1) directly: 

CuBr, (brown) $ Cu*t (blue) + 2Br-. 

The student is now told that if the concentration of bromide ions is in- 
creased by the addition of potassium bromide, it will cause the equilibrium 
to be shifted to the left with the formation of more undissociated molecules 
of cupric bromide and that this increase in the number of undissociated 
molecules of cupric bromide produces the brown color. That can be readily 
shown the student by adding potassium bromide crystals to the solution 
of cupric bromide. So far all is well but the equilibrium should also be 
shifted to the left by the addition of copper ions (from some soluble copper 
salt) to the solution of cupric bromide. However, the instructor will be 
embarrassed if he tries this because he can saturate the cupric bromide 
solution with cupric chloride and only obtain a darker shade of green. The 
same is true if he uses other soluble copper salts such as cupric acetate. 
He may mumble something about cupric chloride not being as soluble as 
potassium bromide and so not furnishing enough copper ions to shift the 
equilibrium all the way to the left but if some wide-awake student adds 
equivalent amounts of copper ion and bromide to two separate, but identi- 
cal, portions of cupric bromide solution, he will observe a great difference 
in effects. It is the purpose of this paper to offer an explanation of this 
anomaly in terms of experimental work done by the author as well as other 
investigators. This explanation presumes a reading knowledge of Werner’s 
theory (3) and is not advisable for elementary students of chemistry but is 
offered for two reasons: first, to give the instructor a plausible explanation 
based upon experimental facts; -secondly, to suggest that since the system 
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is not so simple as it first appears it is a poor illustration to use in dem- 
onstrating to elementary students such general processes as chemical 
equilibrium, ionic equilibrium, and the common-ion effect. 

In the first place, it is erroneous to write as a symbol for cupric ion in 
water solutions simply, Cu++, because most chemists agree that anhydrous 
cupric ion is not blue. It acquires its characteristic blue color after it is 
dissolved in water and students of Werner’s hypothesis know that the more 
probable composition is represented by: 

H.O ++ 
| H:0 Cu #10 | 
H.0 

To rewrite the equation for the solution of cupric bromide in water ac- 

cording to the Werner system we would have something like this :* 


Br Br- Br e Br- H,0 tig 
| 0 Cu er pe | #0 Cu #0 | = | 0 Cu #0 | 2Br~ 


H,0 H:0 H.0 H.O H,0 
Draguopi- TRIAQUOMONO- TETRAAQUO- 
BROMOCUPRUM BROMOCUPROBROMIDE CUPROBROMIDE 


It is readily seen that the addition of water to the original cupric salt 
results in the replacement of bromo groups by water (aquo) groups, and 
that the addition of bromide ion to the tetraaquocuprobromide results in 
the replacement of aquo groups by bromide ion to form bromo groups. 
It should be evident from this that any source of bromide ion will produce 
a brown color if enough can be obtained to change the aquo complexes to 
the diaquodibromocuprum salt. 

So much for the bromide ion; now for the copper ion. If the demon- 
strator chooses to add cupric acetate to his solution of cupric bromide he 
gets a darker green color but not so dark as when he adds cupric chloride to 
the solution of cupric bromide, even though he add equivalent amounts of 
each salt. This can be shown even more strikingly by the following ex- 
periment. Take ten cubic centimeters of a solution of cupric bromide in 
water that has sufficient cupric bromide dissolved to give a dark green color. 
Divide this into two equal portions and to one add one gram of sodium 
acetate; then compare the two colors. The one to which the sodium 
acetate was added is now /ighter in color. If this experiment is repeated 
with cupric acetate instead of sodium acetate the same result is obtained 
but is less striking. But this is seemingly contrary to all theory because 
we would expect the addition of any cupric salt to drive the equilibrium 
back in the direction of the brown color (to the left). 

It has been shown by Gustavson (4) and Stiasny (5) that in solutions of 
basic chromium salts the substitution of one anion for another directly 
attached to the central chromium ion follows a regular order. The author 


* For the nomenclature of Werner compounds see (3). 
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also found this to be true for solutions of basic aluminum salts (6). The 


order is: 
NOQ;~ <:.Be- <;: SOM < CH{COO :<: Gor 


The position of H.O in this series is difficult to place because all work was 
done in water solutions but it is certain that they are replaceable and can 
also replace other groups because so many inorganic isomers can be pre- 
pared by varying the conditions; e. g., CrCl;-6H,O exists in three isomeric 
forms but all have the same empirical formula. They differ in the number 
of aquo and chloro groups directly attached to the central chromium ion. 

If the reader will refer to the anion series just given above, he will see that 
acetate ion is more powerful than bromide ion in forming undissociated 
complex ions because it will break up the bromocupro complex and form an 
acetocupro complex instead. Now it should be apparent why acetate ion 
will prevent the formation of diaquodibromocuprum and so the brown 


color. 
H,0 = + CH;COO- H20 13 
| #0 Cu Br Br> ———-—> | 0 Cu cocci Br~ + Br- 
HO H:0 
TRIAQUOMONO- TRIAQUOMONO- 
BROMOCUPROBROMIDE ACETOCUPROBROMIDE 


Now suppose a /arge amount of cupric chloride, or cupric acetate, is 
added to a solution of cupric bromide. These crystals of the cupric salt 
will act like cupric bromide when it came in contact with water, that is, 
aquo groups will tend to replace chloro groups in the salt. This removal 
of water from the bulk of the solution into the new cupric complex ion just 
as effectively removes water from bromide ion as though the water were 
boiled off as steam. Therefore, the concentration of bromide ion is increased 
even though its actual amount is unchanged. This increase in bromide-ion 
concentration and decrease in aquo groups tends to favor the replacement 
of aquo groups by bromo groups in the triaquomonobromocuprobro- 
mide and thus to add more brown to the solution. This addition of a 
brownish tinge to the green solution naturally makes the shade of green 
appear darker to the observer. But please note that although the removal 
of water by the cupric chloride favors the formation of more diaquodi- 
bromocuprum, at the same time this tendency is offset to some extent by 
the return of aquo groups to the bulk of the solution as they are pushed out 
by the bromide ions from their place around the central cupric ion, and this 
keeps the equilibrium from ever going very far to the left. Therefore, no 
matter how much cupric chloride one adds, he never gets a definitely brown 
coloration in the solution. 

Now to cover one more point. Mellor (7) and Hopkins (8) note that the 
color of cupric bromide solutions may be due to the formation of some 
CuBr,“ ions. This is not unlikely for many salts of copper are reported by 
Werner (9) in which the copper. is part of a complex anion; e. g., NagCu- 
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(CN)s, NaCuCl;H,O, NasCu(C,0,)2, and others. This means that suffi- 
cient anion would be present to replace all of the aquo groups according to 
the scheme: 


Br © Br _ 
H,0O Cu H,0 Br~ + 3KBr —> 2K? | Br Cu Br + KBr 
B 


H,0 r 
TRIAQUOMONOBROMO- POTASSIUM TETRA- 
CUPROBROMIDE BROMOCUPROATE 


If the brown color really is due to potassium tetrabromocuproate the 
reasoning given previously in this paper is unaffected for, as you will see, it 
only extends the system in equilibrium one step farther to the left: 
2Kt |» Ci B | _— | #10 Cuno | <r [ Hi0 Ca o| 2Br- 
ao eee ee ee : 

It should now be apparent that the simple system pictured as CuBr 
<> Cut+ + 2Br-~ is really a much more complicated affair than at first 
appears. It is not a good example for the purposes usually imposed upon 
it, namely, to demonstrate the common-ion effect and chemical equilibrium. 
And why not? 

Because the addition of iodide ion and cupric ion in equivalent quantities 
does not produce the results that the theory predicts. Therefore we must 
admit to our advanced students that we tricked them when they were 
freshmen and this tends to suggest to them that they are still being tricked. 
Certainly this will not increase their respect for chemistry as a science and 
for the teacher of chemistry. 

The substitution of some system like that of ferric thiocyanate in water 
lends itself more successfully to demonstrating chemical equilibrium, ionic 
equilibrium, and common-ion effect. It has the additional advantage of 
causing fewer pangs of conscience to the teacher who likes to play fair 
with his students. 
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A NEW AND SIMPLIFIED COLORIMETER ESPECIALLY 
DESIGNED FOR THE COLORIMETRIC ESTIMATION OF 
MANGANESE BY THE PERIODATE METHOD* 


G. FREDERICK SMITH AND V. R. SULLIVAN, UNIVERSITY OF ILLINOIS, URBANA, ILLINOIS 


Of the large number and varied design of colorimeters at present available 
both of foreign and domestic manufacture, most types are of the precision 
classification and are accordingly expensive. In some cases the tendency 
toward an elaboration of design and the installation of precision optical 
attachments results from the practice of adapting the instrument to both 
branches of photometric analysis, namely, colorimetry, and nephelometry. 
Many illustrations of colorimetric analytical methods show that within the 
proper limits of color intensity and ratios of comparison a definite pro- 
portionality exists between the color produced and the concentration of the 
color-producing ingredient. Beer’s law in such cases applies unmodified. 
In the case of nephelometric investigations results have been obtained using 
certain types of instruments which indicate, at variance to Raleigh’s law, 
that the intensity of diffracted light emitted by a Tyndall strip by two 
turbid solutions is not proportional to their concentrations. Klein- 
mann (1) has shown that at least in the case of some nephelometric com- 
parisons the exceptions to Raleigh’s law are brought about by defects 
in instrument design. An instrument free from these defects was de- 
signed omitting the extension of its use to colorimetric photochemical obser- 
vations. 

It is accordingly, therefore, appropriate to eliminate nephelometric 
applications from consideration in the design of colorimeters in the interests 
of simplicity and economy. A further consideration contributing to the 
cost of the various existing colorimeters results from the praiseworthy 
installation of conveniences of adjustment and graduation together with 
provision for restful observational equipment to aid in recording results as 
well as calculation of the same. For an instrument to be used continually 
and over extended periods of a single observer’s laboratory time such 
improved and accordingly expensive colorimeters are of great service. 
Such elaborate design is not, however, a necessity in the case of a unit of 
general laboratory equipment of which the use is not continuous. For 
such a case, a demand exists for a simple, rugged, economical, and withal 
accurate, general-utility laboratory-model colorimeter. The object of the 
present paper is the description of the design and construction of such a 
colorimeter and the demonstration of its application to the determination 
of manganese by the colorimetric periodate method of Willard and Great- 
house (2). Experimental data included the comparison of results obtained 
using the newly designed colorimeter and the Duboscq colorimeter-nephel- 
ometer (3). 

* Presented before the Division of Chemical Education of the A. C. S. at New 
Orleans, Mar. 29, 1932. 
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FIGURE 1 
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Description of Colorimeter 
Parts 


Colorimeter Tubes. These 
are of the Hehner type made 
to specifications shown in 
Figure 4. The colorimeter 
tubes (C-5 and C-6, Figure 3) 
are supported in the body of 
the apparatus by being in- 
serted through co-axial circu- 
lar openings through the top 
of the body of the apparatus 
and through a cross-sectional 
partition in the same, form- 
ing the top of the light 
reflector chamber. The bot- 
tom delivery tubes pass down 
through vertical slots in the 
sides of the body of the instru- 
ment. The Hehner tubes are 
supported by use of the flare 
in the top of each as it makes 
contact with the two top 
circular openings. A parti- 
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General Apparatus Design 


The side-view elevation of the assembled 
apparatus is shown in Figure 1. The same 
view with the colorimeter partially dis- 
mantled is shown in Figure 2. Line draw- 
ings showing details of construction and 
assembly are shown in Figure 3. The color- 
imeter consists essentially of three parts: (1) 
the frame supporting the colorimeter tubes, 
reflecting mirror, and detachable front plate, 
(2) the colorimeter tubes, and (3) the remov- 
able periscope observation collimator. These 
three units consisting of five pieces are so 
designed as to fit together using lugs instead 
of machine screws or bolts. Parts may be 
provided in duplicate in some choice as 
in the case of the colorimeter tubes. A de- 
rts follows. 


FIGURE 2 
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tion divides the colorimeter tube compartment into two halves, one for 
each tube. The Hehner tubes are calibrated in heights by millimeters 
over a length of 200 divisions. They give satisfactory results with bot- 
toms polished but not separately fused on. Plane parallel and polished 
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FIGURE 3 





surface tube ends can be provided at small additional cost, fused on to 
formed tube bottoms. The delivery tube stopcocks can likewise be advan- 
tageously provided with interchangeable plugs. Variable heights of colored 
solutions are observed by delivery of a portion of the starting column 
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through the bottom delivery tube which is located at such distance above 
the foot of the instrument and of such length as to make convenient the 
use of a 150-cc. beaker to retain the solution withdrawn. For reading 
the color column heights, the front plate (C-2, Figure 3) is removed by a 
simple upward thrust which releases it from the retaining lugs. For filling 
the Hehner tubes the periscope top is lifted free of its retaining lugs and 
the solution poured in. 
The Colorimeter Body (C-1, Figure 3). This is cast aluminum and 
3 consists of three compartments: the 
P < light reflector, and two Hehner tube 
Ris We i compartments. These three are closed 
in front by an easily removable plate 
(C-2) attached by use of two tapered 
\ lugs, fitted to similar lugs attached to 
[24 the inside of the side walls of the 
colorimeter body. The front plate is 
removed by a short, vertical upward 
thrust. The reflector device (C-7) is 
mounted as shown in Figure 3 and is 
of French opal glass. It is adjustable 
for angle of reflection by use of a 
convenient outside knob attached to 
the reflector support. The body of the 
colorimeter without the periscope top 
sere ha stands 11.5 inches high. 
The Periscope and Collimator Tube. 
Details of this portion of the color- 
dome imeter which is also made of cast alu- 
a ee “ee minum are plainly shown in Figure 3. 
dgloa S Recetas The design follows closely that of the 
Campbell-Hurley colorimeter (3) de- 
a scribed by Yoe. The periscope (C-3, 
sin Foes i Figure 3) containing two reflecting 
mirrors is so arranged as to direct the 
light reflected from the two colorimeter tubes at an angle of ninety degrees 
into the observation tube (C-4). The reflecting mirror nearest this observa- 
tion tube cuts out half the field of color reflection from the second mirror. 
The eyepiece (C-4) is of aluminum having a circular opening on the inside 
end one-eighth inch in diameter and an outside opening of three-sixty-fourths 
inch in diameter. The field observed is circular and divided into two 
halves, the color from each Hehner tube occupying one-half the field. 
The inside of the collimator observation tube is painted black as well as all 
other inside portions of the colorimeter except the mirrors and light reflector. 
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The assembled apparatus stands on a bench space 4.5 by 5 inches and is 
13.5 inches high. It weighs a total of 3.7 lb. The colorimeter is particu- 
larly well suited to classroom instruction and has been successfully applied 
in the case of courses given at the University of Illinois during the past two 
years. 

Experimental Study of Colorimeter Performance 


An experimental examination of the accuracy of color comparison using 
the newly described colorimeter as compared to the working performance 
of the Duboscq colorimeter-nephelometer has been made following the 
application of the periodate method for determining manganese (2) to the 
construction of Kober calibration or correction curves as described in Yoe 
(Vol. 1, pp. 70-82). The calibration curves take the form represented 
by the following two expressions: 


_& (b+ X)SE 
+g ee (1) 
_Y _ (1-X)YK 
aloe xX? (2) 


in which X equals the ratio of the amount of substance to be determined 
to the amount of the same substance in the standard. Y and S are the 
heights of the varied and constant-height solutions respectively producing 
the color balance and K is a constant dependent for its value upon the 
concordance or lack of concordance between the performance of the par- 
ticular color comparison as required to conform to Beer’s Law. Y and S 
change significance in the two equations, S being applied to the height of 
the solution kept constant in both cases. 

For theoretical color comparisons and for colorimeters of suitable design 
and observers of proper ‘‘personal equation” equations (1) and (2) become: 


y= (1a) and S= % (2a) 
which indicate an unmodified accord with the demands expressed in Beer’s 
Law. In order to illustrate the graphical representation of expressions (1), 
(1a), (2), and (2a), data were experimentally taken and applied to the 
calculation of the two expressions, (1) and (2). These data are then 
compared with the ideal data represented by expressions, (la) and (2a). 
The data follow on page 1466. 

The data of Tables I and II were obtained as follows. 

A stock solution of pure manganous sulfate was dissolved in distilled 
water to convenient strength (1 cc. = 0.0002 gram of Mn). Ten cc. of this 
solution were treated with 8 cc. of concentrated sulfuric acid and 5 cc. of 
sirupy phosphoric acid diluted to somewhat less than 100 cc. with distilled 
water and excess of potassium periodate (0.2-0.3 gram) added, the solution 
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TABLE I 


Colorimetric Manganese Data Illustrating Kober’s Colorimetric Correction Curve 1 and 
1 (a). Method. Periodate Oxidation by the Process of Willard and Greathouse, 
Duboscqg Colorimeter Used for Color Balancing 


S Values 


ee Ss Y Values K 
X Values xX Calculated Found Calculated 
0.5 20 40.0 40.4 —0.010 
0.6 20 33.33 34.5 —0.053 
0.7 20 28.55 28.8 —0.018 
0.8 20 25.00 25.4 —0.065 
0.9 20 22.22 22.6 —0.153 
1.0 20 20.00 20.0 +0.000 
1.2 20 16.66 16.3 —0.130 
1.4 20 14.3 13.2 —0.260 
1.5 20 13.33 11.5 —0.410 
1.6 20 12.5 11.2 —0.270 
1.8 20 rik 9.8 —0.270 
2.0 20 10.0 8.9 —0.220 





Average —0.155 


TABLE II 


Colorimetric Manganese Data Illustrating Kober’s Colorimetric Correction Curve 2 and 


2 (a). Method. Periodate Oxidation by the Process of Willard and Greathouse. 
Duboscq Colorimeter Used for Color Balancing 


Y Values 
Si-— : Y Values K 
X Values X S Values Found Calculated 

0.5 10 20 9.7 —0.031 
0.6 12 20 11.3 —0.093 
0.7 14 20 13.7 —0.051 
0.8 16 20 15.8 —0.051 
0.9 18 20 17.7 —0.15 
1.0 20 20 20.0 +(0.0 
1.2 24 20 25.1 —0.26 
1.4 28 20 30.1 —0.24 
1.5 30 20 35.0 —0.428 
1.6 32 20 35.3 —0.25 
1.8 36 20 39.6 —0.24 
2.0 40 20 44.0 —0.18 


Average —0.165 


boiled gently two minutes and kept hot thereafter during ten minutes. 
This solution was then cooled and diluted to 100 cc. in a graduated flask, 
and was then used as the standard of comparison, X = 1. Similarly 5, 6, 
7, etc., to 20 cc. of the stock solution were measured, oxidized with periodate, 
cooled and diluted to 100 cc. giving solutions having an X value stepwise 
from 0.5 to 2.0, inclusive. Calibrated pipets (U. S. Bureau of Standards) 
and volumetric flasks were employed and the solutions all treated identi- 
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cally. The common comparison color standard was kept at a height of 20 
divisions in the colorimeter. 

The data of Tables I and II are plotted in Figure 5. By reference to the 
data in Figure 5 the calculation of the K values in expression (2), Table I, 
shows a linear relation for values of X ratios less than one and greater than 
one. In the former case the average K value is —0.075 and in the latter 
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case —0.234. The total average K value is here —0.155 (excluding the 
value K = —0.428). 

The calculation of the K values in expression (1), Table II, similarly 
shows an average K value for X ratios less than one of —0.060 and for X 
ratios greater than one of —0.236 or an average over all of K = —0.150 
(excluding the value K = —0.410). 
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The data, without a more extended series of observations, would indicate 
the possible conclusion that the close agreement between the two ex- 
pressions, (1) and (la), and (2) and (2a), for X ratios less than unity result 
from an unjustifiable increase in color intensity in the latter case. To test 
this the concentration of manganese in the solutions compared was divided 
by two in a newly prepared series of solutions prepared as previously 
described except that they were diluted to 200 cc. These solutions were 
then compared in both the Duboscq colorimeter and the model being 
described. The data thus obtained are given in Table III. 


TABLE III 


Colorimetric Determination of Manganese by the Periodate Method with Calculation 
of the Constants of the Kober Colorimetric Calibration Formulas and the Comparison 
of Data Using Two Types of Colorimeters 


Standard Varied 














Duboscq Instrument (S = 20) New Type Colorimeter (S = 50) 

X Ratios Y Calcd. Y Found K Y Calcd. Y Found K 
0.5 10.0 10.2 +0.019 25 27 +0.074 
0.6 12.0 12.1 +0.012 30 31 +0.048 
0.8 16.0 15.8 —0.051 40 41.5 +0.14 

1.0 20.0 20.0 +0.0 50 50 +0.0 
i 24.0 24.3 —0.074 60 58 +0.21 
1.5 30.0 32.9 —0.26 75 74 +0.04 
1.8 36.0 39.6 —0.24 90 91 —0.024 

2.0 40.0 44.8 —0.21 100 100 +0.0 
Average —0.100 Average +0.061 
Unknown Varied 

0.5 40.0 39.7 +0.008 100.0 101.5 —0.015 
0.6 33.3 32.5 +0.038 83.3 89.0 —0.102 
0.8 25.0 25.2 —0.032 62.5 66.0 —0.224 

1.0 20.0 20.0 +(0.0 50.0 50.0 +0.0 
1.2 16.7 16.5 —0.06 41.7 42.0 +0.048 
1.5 13.3 11.6 —0.39 33.3 32.0 —0.12 
1.8 14.1 9.8 —0.265 27.7 26.5 —0.104 
2.0 10.0 8.5 —0.30 25.0 25.5 +0.04 
Average —0.125 Average —0.060 


The data of Table III are plotted in Figure 6. 


From an examination of Table III and Figure 6 it is seen that with 
manganese concentrations of half the magnitude shown in Tables I and II 
and Figure 4, the data using the Duboscq colorimeter are exactly com- 
parable in trend and interpretation. By contrast the examination of the 
latter solutions using the new design colorimeter shows a more satisfactory 
agreement between theoretical and actual results than in the case of the 
examination of either of the two manganese concentrations represented by 
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Figures 4 or 5 as examined using the Duboscq colorimeter. The K values 
of Tables I and II using the Duboscq instrument average —0.160 (—0.165 
and —0.155) while the K values for the new instrument which are for 
comparable color intensity practically counterbalance each other (+0.061 
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FIGURE 6 


and —0.060) according to the particular form of the Kober correction curve 
applied. Single readings in the case of the newly designed colorimeter 
show a greater degree of individual variation (3-3.5 scale divisions) but the 
average of several individual settings always taken is thought to be within 
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one division of an ideal setting. It is to be noted that in the case of the 
Duboscq colorimeter the color comparisons are made with the possibility 
of changes in height of solution balanced against standard in both direc- 
tions whereas the contrary is the case using the new instrument. If this 
fact alone brings about the greater concordance between theoretical and 
actual values the conclusion is at least hard to justify. It is to be further 
noted that the reading of the color comparison adjustments in the new 
instrument require the removal of the front plate to examine graduations 
on the Hehner tubes. 


The Determination of Manganese in Steel Using Two Colorimeter Types 


A sample of steel, Bureau of Standards sample number 24 with a certifi- 
cate value for manganese of 0.669% (vanadium, 0.15%), was analyzed by 
the periodate method following directions of Yoe (3) (p. 274). Two dif- 
ferent color standards were prepared from two separate steels of comparable 
certificate value for manganese and the determinations using first the 
Duboseq and second the new form of colorimeter then compared. The 
value resulting in both cases was found to be 0.695% of manganese in the 
“unknown” sample. The determination in the case of the use of the 
Duboscq colorimeter was corrected according to the appropriate data of 
Tables I and II for the Kober constant. No correction was applied in the 
case of the use of the new design of colorimeter. The result obtained in either 
case is in satisfactory agreement with the standard sample. (Concordance, 
+0.026%.) It is noted by consulting the detailed report of the Bureau of 
Standards accompanying sample number 24 that results given as the 
average for two analysts using the persulfate colorimetric method is 0.657 
(0.66 and 0.655) while the value given for the persulfate-arsenite volu- 
metric determination of manganese is 0.689. Using the value obtained 
applying the volumetric bismuthate method the value was 0.675 as the 
average of these analysts’ results. 


Conclusions 


In conclusion it is appropriate to call attention to the fact that the type of 
results obtained in experiments in applying the periodate manganese 
determination using the Duboscq and the newly described instrument may 
not necessarily hold when the nature of the color examined is materially 
altered, as, for example, in the use of the yellow color produced in the 
determination of titanium by hydrogen peroxide or in the case of other 
color ranges. Comparison of data obtained in the latter case similar to the 
above treatment is invited on the part of interested observers. The new 
colorimeter suffers by comparison with the conventional plunger type of 
colorimeter having expensive optical glass working parts and other refine- 
ments of settings and reading. This handicap is entirely offset by com- 
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parison in original cost. To the casual observer to compare an instrument 
of the Duboscq type with the newly described colorimeter seems absurd but 
it is to be remembered that a colorimeter of precision in color comparison 
cannot correct the inevitable variations in chemical reactions used to 
produce the color examined nor offset the errors of the personal equation in 
the actual task of the matching of colors. Both of the latter two variables 
are easily capable of far exceeding the possibility of an expensive color- 
imeter to counteract them by its precision. It is thought to be a sound 
prediction that if the new design of colorimeter is made available at a cost 
comparable with its simplicity of design, its use in the beginners’ course 
in quantitative analysis would prove generally acceptable. 


Summary 


1. A new design of colorimeter has been described in detail and its 
application to the colorimetric determination of manganese studied. 

2. Comparison in the performance of this colorimeter with that of the 
Duboscq colorimeter-nephelometer has been made through a detailed study 
of the application of the Kober colorimeter correction formulas in each case. 

3. The characteristics of the new colorimeter which are a departure 
from the conventional design are the following: sturdy metal construction 
using cast aluminum; simple but convenient arrangement of working parts; 
low original cost and inexpensive renewal of individuals when necessary. 

4. The use of the new design of colorimeter is particularly justified for 
classroom work even in the case of beginning students of quantitative 
analysis. 

Literature Cited 
(1) Kiermann, H., J. Lab. Clin. Medicine, 12, 629 (1927). 
(2) Witcarp AND GREATHOUSE, J. Am. Chem. Soc., 39, 2366 (1917). 
(3) Yor, J. H., “Photometric Chemical Analysis,” Volume I, John Wiley and Sons, 
New York City, 1928. 





THE EIGHTH CENSUS OF GRADUATE RESEARCH STUDENTS ~ 
IN CHEMISTRY, 1931 


CALLIE HULL AND CLARENCE J. WEST 
RESEARCH INFORMATION SERVICE, NATIONAL RESEARCH COUNCIL, WASHINGTON, D. C, 


The Eighth Census of Graduate Research Students in Chemistry (cover- 
ing the academic year 1931-32) continues the annual compilation which 
was first issued in 1924.* The present compilation includes returns from 
one hundred and forty-two universities, of which eighteen have reported 
members of the faculty only engaged in chemical research. 

It should be mentioned that in Table II, while a column is given to the 
faculty, the numbers given there are not included in the totals, as those 


TABLE II 


Number of Graduate Students Engaged in Research in Various Fields of Chemistry 


1931 1930 1929 1928 1927 1926 1925 1924 
Subject Total M D F Total Total Total Total Total Total Total 


General & 

Physical.... 577 248 329 245 520 448 406 430 343 240 
Colloid 101. 43 &B- 651 c 82 86 79 58 69 
Catalysis 6&2 23° 23. 17 44 34 27 28 31 51 
Subatomic & 

42: 16° 26-22 39 20 18 21 21 20 
Electro- 

Inorganic... 65 25 30 15 49 24 25 21 32 38 
Electro- 

Organic 12 6 6 6 19 15 13 11 13 18 
Photochemis- 

try & Pho- 

tography.... 34 22 25 
Inorganic 74 
Analytical 58 96 54 
Metallurgical. . 18 22 34 
Organic 504 668 
Physiological. . 

Pharmacologi- 
9 4 30 14 
25. 29 26 27 
14 15 14 27 
66 60 78 . 80 
133-19 16 31 
Agricultural... 61 65 79 91 
Industrial & 

Engineering. 84 48 36 35 63 91 
Chemical Engi- 

neering 347 224 123 91 301 285 


TOTALS 3261 1596 1665 1392 2795 2498 2071 1934 1882 1763 1700 


* ZANETTI, Ind. Eng. Chem., 16, 402 (1924); Norrts, tbid., 17, 755 (1925); Wrst 
AND Hutt, J. Cuem. Epvuc., 4, 909 (July, 1927); 5, 882 (July, 1928); 6, 1338 (July- 
Aug., 1929); 7, 1674 (July, 1930); 8, 1374 (July, 1931). 
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numbers refer to the graduate students only, and are comparable with the 
totals for previous years. 

The year 1931 shows a larger increase in the number of graduate students 
in the field of chemistry than any preceding year; the increase being 466 
over 1930. The next largest difference is the increase of 1929 over 1928, 
which was 427. This increase is undoubtedly due to business conditions 
existing at the present time. Graduates of the regular B.S. course, finding 
themselves unable to secure industrial positions, have returned for advanced 
training rather than remain idle or take a non-professional job. 

It is hoped that this compilation may be continued until data are avail- 
able for ten years, at which time an effort may be made to evaluate the 
statistics, and to interpret the trend in the various fields of chemistry as well 
as in the universities in which the research is being done. 


Ow) 


CAREERS FROM LEISURE 
Reprinted from the New York Sun, November 18, 1931 


A chemist living in a suburb of New York made a hobby of photographing bugs and 
plants through a microscope for the amusement and instruction of his six-year-old 
daughter. Friends who saw these pictures urged him to seek a publisher for them. 
Recently the man lost his job. He is now preparing a book of his nature photographs, 
which will be supplemented by a text simple enough to interest children. Another un- 
employed chemist persuaded a manufacturer to experiment with the commercial possi- 
bilities of colored brass and other metals. The business man is now aiding the chemist 
to carry on an investigation of this project at Harvard University. 

These two stories come from the employment bureau of The Chemists’ Club of 
New York, which recalls that in 1921 some of the chemists who found themselves out of 
work started in business independently and in many instances were more successful than 
their former employers. ‘‘This is likely to occur again. There are presidents, plant 
managers, and research workers who have been victims of the depression and who are 
now unemployed.” 

Of many careers that may be born of the present slack period the world is not likely 
to hear the whole story. Unquestionably, however, large numbers of talented men 
never would achieve full measure of success were they to drift along comfortably in their 
routine jobs. How many of those now looking for work, yet living well on accumulated 

So easily does a routine worker settle into a groove that in many cases only the loss 
of a job creates the opportunities from which fortunes grow. If enforced idleness 
arouses a man to turn his own ideas to use, if it uncovers a latent inventive ability or 
enables him to perfect a lifelong hobby or an undeveloped talent, the career thus begun 
is likely to be richer in those intangible virtues money cannot buy than the material 
success which comes to such fortunate persons in more prosperous times.— News Ed., 


Ind. Eng. Chem. 








GENERAL CHEMISTRY LABORATORY PRACTICE: 
QUANTITATIVE EXERCISES 


G. N. Quam, LonG ISLAND UNIveRSITY, BROOKLYN, NEw York 


There is great divergence of opinion among teachers as to what should 
constitute the course in general chemistry. From the treatment of the 
use of the balance and of quantitative exercises in some laboratory manuals, 
the young teacher, no doubt, wonders how seriously that portion of the 
course should be treated. One author starts the student with “weigh an 
evaporating dish...and record the weight. Place in the dish pieces of 
roll sulfur and weigh..., etc.’”” How can the student know when his 
weights are acceptable? Obviously, the instructor does not take time to 
check carefully his students’ weighing in such procedures. Some authors 
do not even suggest practice weighing before plunging the student into a 
quantitative exercise. One of the functions of the general chemistry course 
is to prepare the student for courses that follow. It seems essential, there- 
fore, seriously to develop technic peculiar to analytical chemistry. 

The writer has found in his own classes that one method of helping the 
student to gain confidence in his ability to weigh with the analytical bal- 
ance is to give him an unknown weight sample just as he is given samples for 
qualitative and quantitative analysis. To accomplish this, polished strips 
(1.5” & 3”) of stainless steel, weighing 25 to 30 grams, were numbered and 
accurately weighed. Each student, following a demonstration by his in- 
structor, is given a numbered strip with its weight indicated on the en- 
velope. As soon as he is satisfied that he can weigh accurately he is given 
two unknown weight samples in return for the known. When his weighings 
are completed the unknown strips are returned with his formal report 
by number and weight. When the accuracy demanded is developed 
the student is considered prepared to undertake suitable quantitative 
exercises. 

The strips made of ‘Allegheny Metal’ and “Carpenter Stainless No. 4” 
have been used in a number of classes and are proving very satisfactory. 
At the outset, the large number of strips, after being numbered, were 
accurately weighed by instructors, the weights recorded for future reference, 
and the strips stored in boxes of twenty-four each, ready to be checked from 
the stockroom by the instructors when needed. 

The student's conviction that he can weigh accurately before entering 
upon an experiment which to him appears involved seems very apparent 
and is ample reward for the extra time and effort devoted to laboratory 
instruction. Through the use of these practically permanent weight 
samples in practice weighing, the writer has observed in himself a rather 
marked change of attitude toward quantitative exercises in general 
chemistry laboratory courses. The observation seems to him worthy of 
report. 
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A DEVICE FOR TRAPPING OFFENSIVE GASES 


GLEN C. WARE, OREGON STATE AGRICULTURAL COLLEGE, CORVALLIS, OREGON 


A trap has been devised which prevents the escape of certain gases into the 
laboratory. The gases are forced to escape into a neutralizing gaseous atmos- 
phere. The trap is successful in a room without hoods or unusual ventilating 
facilities. The principle involved is general and has wide application. 


Among the problems confronting the teacher of laboratory courses in 
chemistry the prevention of the escape of offensive gases into the room is 
perhaps less amenable to treatment than others. Student carelessness of 
course leads in the list of reasons why such gases should escape but the ex- 
perienced teacher will agree that ’ 

a ‘ From = 
this is a fault which is always generator —” —-> 
present and difficult to correct. 
Any scheme of prevention must 
take this into account if any 
degree of success is to be at- 
tained and the purpose of this 
paper is not to submit a fool- 
proof device but to suggest a 
scheme and a general principle 
upon which other schemes can 
be devised which will reduce a 
somewhat the need for extreme 
care on the part of the student 
and make feasible the prepara- B 
tion of substances under condi- 
tions which otherwise would 
deter the experienced instructor 
from even considering their preparation. 

The principle upon which the device to be described depends for its effi- 
ciency is the maintenance of a neutralizing atmosphere of gas around the 
outlet of the tube from which the surplus portions of the gaseous products 
are forced to make their escape. For acid gases or acid-forming gases such 
as hydrogen chloride, hydrogen sulfide, and chlorine this neutralizing at- 
mosphere is most conveniently ammonia. The set-up described contains 
no pieces of apparatus not easily obtainable by the student. It requires no 
technic not usually required of students in beginning chemistry. Its 
effective use depends only on the student’s understanding of the principles 
involved and his coéperation in their application. 

The bottle, A, in which the samples are collected is suspended from the 
rubber stopper by friction. If the collection bottles are too heavy they may 
be supported by other means but the ordinary eight-ounce gas bottle pre- 
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sents no difficulty without other support. The stopper hangs from the 
two bent glass tubes supported by a ring on a stand or the top portion of the 
circumference of the stopper may be fixed in a clamp and leave room for the 
suspension of the bottle below. During the evolution and collection of 
gas the escape tube from A leads to the Erlenmeyer flask, B, in which is 
placed some ammonium carbonate wet with sodium hydroxide solution. 
The flexible joint, C, permits flask B to be removed easily. For the ordi- 
nary experiment which is assigned to students in general chemistry three or 
four grams of ammonium carbonate is sufficient. The solution of sodium 
hydroxide should be normal or stronger. This trap is surprisingly efficient 
in trapping the overflow of such gases as were mentioned above. Chlorine 
from the generator of the most careless student who heats his generator too 
hot and fails to remove collection bottles when filled is effectively stopped. 
Not even the faintest odor of chlorine emerges from the trap. Since the 
other gases mentioned are less disagreeable and also easier to trap they 
need not enter into this discussion. 

When the bottle, A, is full, it is removed and quickly replaced by another 
which is filled while the first is being observed and tested. This continues 
until the last bottle of gas for testing is collected. It is replaced by a bottle 
containing a small quantity of the wet ammonium carbonate. Each bottle 
of gas upon which the tests have been completed receives a small dose of 
the contents of the trap and the remainder of the ammonium carbonate is 
covered with more sodium hydroxide and the mixture poured cautiously into 
the generator until evolution of gas has stopped. The generator is then 
filled with water and emptied without any danger of gas escaping. It is 
possible for a student using the above method to prepare and test repeated 
samples of chlorine and discharge his generator without liberating a no- 
ticeable trace of the gas in the room. This experiment can be safely per- 
formed in a room not equipped with hoods and without extra provision for 
ventilation. The principle involved in the trap, namely, that an escaping 
gas is more successfully trapped by a gaseous reaction than it is by some 
heterogeneous reaction, such as bubbling through liquids, is perfectly gen- 
eral in its application and can be conveniently applied to gases and vapors 
other than those mentioned. 
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MINUTES OF NEW ORLEANS MEETING, MARCH 28-APRIL 1, 1932 
Report of the Secretary of the Division of Chemical Education 


Details of the meeting of the 83rd Convention of the American Chemical 
Society may be found in the April 10 News Edition of Industrial and 
Engineering Chemistry. Those who attended were unanimous in their 
expressions of appreciation to the Louisiana Section and to the citizens 
of New Orleans for hospitality long to be remembered. 

The Executive Committee of the Division of Chemical Education met 
for about three hours Monday. The Senate met for over two hours 
Wednesday afternoon, following which the regular business meeting of 
the Division was held. Fourteen members of the Editorial Board met 
Tuesday afternoon to discuss the policies of the JOURNAL OF CHEMICAL 
EpucaTIOoNn and The Chemistry Leaflet. 

At noon Tuesday, 87 members of the Division and their guests lunched 
together. Attractive menu-program cards decorated with an original 
etching by Professor Mack of Penn State were distributed as souvenirs. 
H. W. Moseley presided and as a highly catalytic toastmaster introduced 
President Redman and President-Elect Lamb of the A. C. S., Owen L. 
Shinn, chairman of the Division, Neil E. Gordon, editor of the JouRNAL 
OF CHEMICAL EDUCATION, Superintendent Nicholas Bauer of the New 
Orleans schools, and Professor Clara de Milt of Newcomb College. Their 
addresses were all well received and undoubtedly created a higher regard 
for and interest in chemical education. 

As announced in the April issue of the JouRNAL, two half-day sessions 
were devoted to the reading of miscellaneous papers and one to a joint 
program with the Divisions of Biological and Medicinal Chemistry. The 
greater number of these papers will be published in the JOURNAL OF 
CHEMICAL EDUCATION. 

Spirited discussions attended the round-table conference on the recently 
published ‘‘Program for Teaching Science.’’ It seemed to be the con- 
sensus of opinion that this Yearbook of the National Society for the Study 
of Education had been issued without due regard for existing studies. 
Serious doubt was expressed as to whether the proposed program could 
be considered as either representative or authoritative. For the benefit 
of those who wished to make intelligent use of the ‘“Program,”’ a mimeo- 
graphed list was distributed containing over 100 pertinent articles which 
have appeared in the JouRNAL OF CHEMICAL EpucATION and to which 
no reference is made in this Yearbook. 


Minutes of the Meetings of the Executive Committee 


REPORTS OF OFFICERS 


1. Chairman. The Chairman reported the appointment of two 
committees which were authorized at the Buffalo meeting in September. 
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(a) Premedical Requirements in Chemistry: 
J. P. Montcomery, Chairman, University of Alabama, Uni- 
versity, Ala. 
R. I. Grapy, College of Wooster, Wooster, Ohio. 
F. C. Irwin, College of the City of Detroit, Detroit, Mich. 
E. E. Rew, Johns Hopkins University, Baltimore, Md. 
(b) Mathematics for Chemists: 
FARRINGTON DANIELS, Chairman, Univ. of Wisconsin, Madison, 
Wis. 
GerorGE H. Bruce, Horace Mann School for Boys, New York City. 
W. T. ScHRENCK, Dept. of Chem. Eng., Missouri School of Mines 
and Metallurgy, Rollo, Mo. 
Cuas. H. Stone, English High School, Boston, Mass. 
Joun H. Yor, University of Virginia, University, Va. 


2. Secretary. The Secretary reported that there are now 548 active 
and 949 associate members, a gain of 72 and 239, respectively, since the 
Indianapolis meeting a year ago. Questions concerning which the 
Executive Committee has voted by letter ballot since the Buffalo meet- 
ing have been decided as follows: (a) It was voted to publish in the 
JOURNAL the Label titles recommended by the Committee on Labels. 
[See J. Cuem. Epuc., 9, 344-8 (Feb., 1932).] (0) It was voted to grant 
the Committee on Labels an additional $25.00. 

The report was approved. 

3. Local Secretary. The Local Secretary reported upon his cam- 
paign to contact all chemistry teachers within a radius of 150 miles 
and upon his multiple duties as liaison officer for the Division prior 
to the meeting. One hundred eighty-seven letters were mailed to 
local chemistry teachers, with only two returns because of incorrect 
addresses. These teachers were invited to attend the divisional luncheon 
and program meetings on Tuesday. The Art Department of the New- 
man School made a very attractive poster advertising the luncheon 
and Supt. Nicholas Bauer of the New Orleans Schools and Professor 
Clara de Milt of Newcomb College were secured for the luncheon pro- 
gram. Through Mr. Lyle Howell, desirable accommodations were 
provided for students at $1.00 per day, and through Mr. E. S. Hock, 
arrangements were made for the special breakfasts, luncheons, and 
dinners which were sponsored by the Division. Expenditures by the 
Local Secretary totaled $23.64. 

The report was approved and a vote of thanks extended to Mr. Allée 
for his excellent and untiring work. He was requested to express our 
appreciation to the Newman School for the donation of clerical services, 
to Miss Marcelle Peret and Miss Joel Simon for the art poster which 
advertised the luncheon, and to Mr. Thomas Green and Mr. Karlem 
Riess for their able secretarial assistance. 

4. Treasurer. The Treasurer presented a report of monies received 
and expended since September, 1931. The bank in which the divisional 
funds had been deposited suspended payment in January of this year. 
When payment is resumed an audited account will be presented. 

The report was accepted. 

5. Business Manager. The Secretary presented a report from the 
Business Manager showing (a) receipts and expenditures on account of 
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the JOURNAL and the Leaflet for 1931 and (6) an analysis of the JouRNAL 
subscription lists and advertising contracts for 1931. 

The report was accepted. 

6. Editor-in-Chief. The Editor-in-Chief presented a progress report 
which was accepted. 


NEw BUSINESS 


(1) The special committee, consisting of Wilhelm Segerblom (Chair- 
man), Owen L. Shinn, and Ross A. Baker, appointed at the Buffalo 
meeting to consider the policies and problems of the Division, recom- 
mended: (a) that associate membership dues be raised; (b) that the 
subscription rate to the JOURNAL OF CHEMICAL EDUCATION be raised; 
(c) that group subscriptions to the JouRNAL be discontinued; (d) that 
an attempt be made to put the Leaflet on a self-supporting basis. The 
discussion clearly brought out the facts that the expense of publishing 
the JouRNAL and Leaflet have exceeded by several fold all receipts from 
subscriptions and advertising; that gifts from outside sources will not be 
sufficient to finance the Division’s activities for the coming year without 
increasing the revenue from regular channels and that the recommended 
changes would be permitted under our Constitution. 

The report was accepted. 

(Secretary's Note: Final decisions are being reached by letter ballot 
and will be announced in THIS JOURNAL.) (See p. 1315.) 


Minutes of the Meeting of the Senate of Chemical Education 
2-4 P.M. Marcu 30, 1932 


Present: Owen L. SHiInn, Chairman; Ross A. BAKER, Secretary. 
Colorado: ROBERT COLLIER, JR.; Connecticut: C. R. Hoover (proxy 
for G. A. Hit); Georgia: J. Sam Guy; Illinois: B. S. Hopkins AND 
R. E. GREENFIELD; Indiana: R. N. HARGER (proxy for W. F. CoovEerR); 
Louisiana: W. G. Atié&eE; Maryland: New E. Gorpon; Missouri: 
O. M. WeicLteE; Nebraska: W. N. STEINBACH (proxy for B. C. HEN- 
DRICKS); Oklahoma: O. N. SmitH; Pennsylvania: J. N. Swan; Rhode 
Island: N. W. RAKESTRAW. 

(Note: Several committee members accepted the general invitation 
and were present to discuss the reports of their respective committees.) 


REPORTS OF COMMITTEES 


1. Chemical Education of the Non-Collegiate Type. R.E. Bowman, 
Chairman, transmitted a progress report in the form of copies of a 
mimeographed letter designed to be sent to industrial firms, asking for 
confidential information concerning their non-collegiate technicians and 
operators. The questionnaire will be referred to more specifically in 
a subsequent report of the committee. The letter was approved for 
distribution. 

2. Chemical Education by Radio. R. F. McCrackan, Chairman, 
presented the following report, which was accepted: 


The number of talks on chemical subjects given over local stations during the last 
twelve months is very gratifying. The most outstanding single example is the work 
of the Broadcast Committee of the Northeastern Section of the A. C. S. whose chairman 
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is M. J. Ahern. These broadcasts are made at 2:00-2:15 Thursday afternoons over 
WNAC-WEAN and WICC, and at 8:30-8:45 Thursday evenings over stations WAAB- 
WORC and WNBH. Dr. Ehrenfeld, of our committee, has broadcast four papers 
recently from WFAA, Dallas, and several from Chicago. Dr. Saul B. Arenson of the 
committee has broadcast lectures from WLW, while the chairman has served as a 
member of the special Committee on Industrial Chemistry by Radio appointed by the 
president of the A. C. S. shortly after the Buffalo meeting. He also attended the first 
assembly of the National Advisory Council on Radio in Education in New York, May 
21-23, 1931, and filed a report (Radio in Education, 1931, pp. 211-2). The problem 
of chemical education by radio is a part of the larger problem of education by radio, 
and all educators must work together. There is some skepticism about whether results 
in general in the past have justified the efforts. Dr. Arenson has tried to get some 
first-hand data concerning four of his lectures broadcast recently from WLW, a fifty 
kilowatt station to which many people in thirty states have learned to turn for educa- 
tional numbers put on by the Ohio School of the Air. From reading 2000 letters, but 
not tabulating them accurately, he thought his listeners were: high-school students 
25%, people in isolated districts 25%, business and professional men 10-15%, teachers 
and ministers 5%, and others 30%. Dr. Arenson hopes to put on another series 
in the fall. One of the most important outcomes of the assembly of the Na- 
tional Advisory Council on Radio in Education was that the Council through its Di- 
rector, Mr. Levering Tyson, undertook to foster a series of talks on economics and 
psychology over the National Broadcasting System. Each talk is prepared and de- 
livered by a different authority on the subject. Readers’ Notebooks outlining studies 
are distributed in advance, and after the broadcasts, which are made Saturday evenings 
8:30-9:00 o’clock, the lectures printed in full are distributed by the Chicago Press. 
If the experiment proves a success other series may follow, and possibly the chemists, 
sooner or later, may have their turn to broadcast over one or both of the great chain 


systems. 


3. Chemistry Clubs. In the absence of the Chairman, ROBERT 
COLLIER, JR., a member of the committee presented a progress report 


which was accepted. 
4. Chemistry Libraries. Rurus D. REED, Chairman, presented the 


following progress report by letter: 


Your committee has submitted its tentative list to chemistry teachers in high 
schools and colleges, and is now ready to attack the problem of securing from each 
author a 50-100 word statement of the book to teachers and to pupils. 


The report was accepted. 
5. Correlation of High-School and College Chemistry. Nei E. 
Gorpon, Chairman, presented the following report, which was accepted: 


The committee has revised the high-school part of the correlation plan and is now 
working on the revision of the college part. Publication of the revised outline will be 
postponed until the entire revision is completed 


6. Examinations and Tests. O. M. Smitu, Chairman, presented the 
following report, which was accepted: 


Your committee on Examinations and Tests has not had the opportunity of meeting 
together; in lieu of this considerable correspondence has passed between its members. 
The inability to get together has prevented more rapid progress. This committee has 
codperated with Dr. R. W. Tyler of the Ohio State University representing the American 
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the JOURNAL and the Leaflet for 1931 and (b) an analysis of the JouRNAL 
subscription lists and advertising contracts for 1931. 

The report was accepted. 

6. Editor-in-Chief. The Editor-in-Chief presented a progress report 
which was accepted. 


New BusINESS 


(1) The special committee, consisting of Wilhelm Segerblom (Chair- 
man), Owen L. Shinn, and Ross A. Baker, appointed at the Buffalo 
meeting to consider the policies and problems of the Division, recom- 
mended: (a) that associate membership dues be raised; (b) that the 
subscription rate to the JOURNAL OF CHEMICAL EDUCATION be raised; 
(c) that group subscriptions to the JouRNAL be discontinued; (d) that 
an attempt be made to put the Leaflet on a self-supporting basis. The 
discussion clearly brought out the facts that the expense of publishing 
the JouRNAL and Leaflet have exceeded by several fold all receipts from 
subscriptions and advertising; that gifts from outside sources will not be 
sufficient to finance the Division’s activities for the coming year without 
increasing the revenue from regular channels and that the recommended 
changes would be permitted under our Constitution. 

The report was accepted. 

(Secretary's Note: Final decisions are being reached by letter ballot 
and will be announced in THIS JOURNAL.) (See p. 1315.) 


Minutes of the Meeting of the Senate of Chemical Education 
2-4 P.M. Marcu 30, 1932 


Present: Owen L. SHinn, Chairman; Ross A. BAKER, Secretary. 
Colorado: ROBERT COLLIER, JR.; Connecticut: C. R. HOOVER (proxy 
for G. A. H1LL); Georgia: J. Sam Guy; Illinois: B. S. Hopkins AND 
R. E. GREENFIELD; Indiana: R. N. HARGER (proxy for W. F. Coover); 
Louisiana: W. G. ALLEE; Maryland: Nei E. Gorpon; Missouri: 
O. M. WeIcLe; Nebraska: W. N. STEINBACH (proxy for B. C. HEN- 
DRICKS); Oklahoma: O. N. SmitH; Pennsylvania: J. N. Swan; Rhode 
Island: N. W. RAKESTRAW. 

(Note: Several committee members accepted the general invitation 
and were present to discuss the reports of their respective committees.) 


REPORTS OF COMMITTEES 


1. Chemical Education of the Non-Collegiate Type. R.E. Bowman, 
Chairman, transmitted a progress report in the form of copies of a 
mimeographed letter designed to be sent to industrial firms, asking for 
confidential information concerning their non-collegiate technicians and 
operators. The questionnaire will be referred to more specifically in 
a subsequent report of the committee. The letter was approved for 
distribution. 

2. Chemical Education by Radio. R. F. McCrackan, Chairman, 
presented the following report, which was accepted: 


The number of talks on chemical subjects given over local stations during the last 
twelve months is very gratifying. The most outstanding single example is the work 
of the Broadcast Committee of the Northeastern Section of the A. C. S. whose chairman 
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is M. J. Ahern. These broadcasts are made at 2:00-2:15 Thursday afternoons over 
WNAC-WEAN and WICC, and at 8:30-8:45 Thursday evenings over stations WAAB- 
WORC and WNBH. Dr. Ehrenfeld, of our committee, has broadcast four papers 
recently from WFAA, Dallas, and several from Chicago. Dr. Saul B. Arenson of the 
committee has broadcast lectures from WLW, while the chairman has served as a 
member of the special Committee on Industrial Chemistry by Radio appointed by the 
president of the A. C. S. shortly after the Buffalo meeting. He also attended the first 
assembly of the National Advisory Council on Radio in Education in New York, May 
21-23, 1931, and filed a report (Radio in Education, 1931, pp. 211-2). The problem 
of chemical education by radio is a part of the larger problem of education by radio, 
and all educators must work together. There is some skepticism about whether results 
in general in the past have justified the efforts. Dr. Arenson has tried to get some 
first-hand data concerning four of his lectures broadcast recently from WLW, a fifty 
kilowatt station to which many people in thirty states have learned to turn for educa- 
tional numbers put on by the Ohio School of the Air. From reading 2000 letters, but 
not tabulating them accurately, he thought his listeners were: high-school students 
25%, people in isolated districts 25%, business and professional men 10-15%, teachers 
and ministers 5%, and others 30%. Dr. Arenson hopes to put on another series 
in the fall. One of the most important outcomes of the assembly of the Na- 
tional Advisory Council on Radio in Education was that the Council through its Di- 
rector, Mr. Levering Tyson, undertook to foster a series of talks on economics and 
psychology over the National Broadcasting System. Each talk is prepared and de- 
livered by a different authority on the subject. Readers’ Notebooks outlining studies 
are distributed in advance, and after the broadcasts, which are made Saturday evenings 
8:30-9:00 o’clock, the lectures printed in full are distributed by the Chicago Press. 
If the experiment proves a success other series may follow, and possibly the chemists, 
sooner or later, may have their turn to broadcast over one or both of the great chain 
systems. 


3. Chemistry Clubs. In the absence of the Chairman, ROBERT 
COLLIER, JR., a member of the committee presented a progress report 


which was accepted. 
4. Chemistry Libraries. Rurus D. REED, Chairman, presented the 


following progress report by letter: 


Your committee has submitted its tentative list to chemistry teachers in high 
schools and colleges, and is now ready to attack the problem of securing from each 
author a 50-100 word statement of the book to teachers and to pupils. 


The report was accepted. 
5. Correlation of High-School and College Chemistry. Nem E. 
Gorpon, Chairman, presented the following report, which was accepted: 


The committee has revised the high-school part of the correlation plan and is now 
working on the revision of the college part. Publication of the revised outline will be 
postponed until the entire revision is completed. 


6. Examinations and Tests. O. M. Smitu, Chairman, presented the 
following report, which was accepted: 


Your committee on Examinations and Tests has not had the opportunity of meeting 
together; in lieu of this considerable correspondence has passed between its members. 
The inability to get together has prevented more rapid progress. This committee has 
coéperated with Dr. R. W. Tyler of the Ohio State University representing the American 
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Council on Education. On his suggestion a formulation of the objectives in general 
chemistry is being attempted. Work on this one project is well under way and we hope 
will be accomplished soon. To determine the objectives in the teaching of general chem- 
istry, from which a basis may be established for the judgment of tests, a questionnaire 
on the ‘‘Proposed Objectives in the Teaching of General College Chemistry” were sent 
to a representative list of schools. In this list were all of the Land-Grant Colleges, 
the Universities, who are members of the American Association of Universities, and a 
selected list of Technological Institutions and Colleges. This list was obtained from 
the Appendixes No. 2, page 834, of American Universities and Colleges (1928). The 
colleges were selected by choosing every third institution. The attached questionnaire 
was sent to a total of 190 schools, several copies being included in the letter to the larger 
institutions. The replies are as follows: 


School No. of Schools No. of Replies 
Land-Grant Colleges 26 69 
Universities, not included in Land-Grant Schools 20 41 
Colleges 28 57 
Total Schools and replies 74 167 


The results of this study are in the process of completion and will be offered for publi- 
cation in a few weeks. Dr. R. W. Tyler also announces that it appears that the com- 
mittee, if it so desires, may have the services of a full-time man, paid partly by the 
American Council and partly by the Columbia University, available not later than July 
first. The expense of this investigation now totals $30.91 and before completion will 
amount to about $50.00. No budget has been allowed for the work of this committee. 
Dr. Tyler acting for the American Council on Education has offered to meet this expense. 


It was the sense of the meeting that grants in aid should be accepted 
only with the understanding that the Division should exercise full 
authority in the conduct of the investigation and the employment of help. 

7. Labels. In the absence of the Chairman, L. R. LITTLETON, a 
member of the committee presented the following report which was 
approved: 


Following the approval at the Buffalo meeting, the revised label titles were pub- 
lished in the JouRNAL oF CHEMICAL EpucaTION [9, 344-8 (Feb., 1932)]. This 
list is now being distributed to editors, authors, publishers, and individuals known to be 
interested in chemical nomenclature. To see that a label book is published embodying 
this list would necessitate the continuation of the committee for a few months. 


8. Major Topic Organization of High-School Chemistry. Harry A. 
CARPENTER, Chairman, transmitted in mimeographed form a list of 
major and minor concepts, designed to be distributed to teachers for 
constructive criticism. The report was accepted. 

9. Mathematics for Chemists. FARRINGTON DANIELS, Chairman, 
transmitted by letter the following progress report, which was accepted: 


We are working on a report which we intend to present at the next meeting of 
the American Chemical Society in September at Denver. Then, I think, we should 
disband the committee Our report will cover (1) specific recommendations concerning 
the mathematics courses which should be taken before admittance to courses in chem- 
istry; (2) recommendations concerning types of problems of a chemical nature which 
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might well be included in texts in mathematics. Our committee is anxious to receive 
suggestions from chemists concerning these requirements. 


10. Minimum Equipment for High-School Chemistry. J. H. JENSEN, 
Chairman, transmitted the following report which was accepted: 


A list of chemicals necessary for the essential experiments has been prepared, show- 
ing the actual quantities and grades of chemicals needed. This list is being mailed 
to the members of the Senate of Chemical Education. 


11. Minimum Standards. J. N. Swan, Chairman, presented the 
following report which was accepted: 


Your committee would report that so far our work has been that of initiating 
methods of securing statistics. We desire to find which institutions are giving advanced 
degrees and what equipment these have in the way of laboratories and laboratory 
facilities. We also wish to know the number of teachers of chemistry in each institution 
and the training these have had for their work. We find that the U. S. Commissioner 
of Education is interested in our subject and is now gathering statistics along the line 
of our quest. We believe it would be best to await the outcome of this effort before 
going into the same field and entailing needless expense. In the meantime we will 
try to codperate with the government officials in every way we can. 


12. Committee on Naming and Scope of Committees. WILHELM 
SEGERBLOM, Chairman, transmitted the following report, which was 
accepted : 


The Committee on Naming and Scope of Committees makes the following report 
of its activities since the last meeting of the American Chemical Society. No new 
matters were referred to us at the Buffalo meeting. Since September four routine 
matters have been referred to us by the Secretary. 1. At the request of Mr. McGill 
our committee formally ratified the appointment of the Committee on Vocational 
Guidance. 2. Names of additional persons to work on test and measurement problems 
were requested by the Committee on Examinations and tests. 3. Suggestions for a 
new chairman for the Committee on Visual Aids in Chemical Education were requested. 
4. Suggestions for a new member for the Committee on Chemical Education of Non- 
Collegiate Type were requested. Action upon these assignments will be forthcoming. 


13. Optimum Size of Classes. Victor A. CouLTER, Chairman, 
presented the following report which was accepted: 


Your committee, appointed last summer, met in Buffalo and discussed the possi- 
bilities for attacking its problem. It was the unanimous view of the committee that 
a questionnaire would yield only divergent opinions of doubtful value, since it has been 
the observation of each member that questionnaires were generally considered a nui- 
sance and answered without giving real thought to the questions. We then decided 
to look into what had been previously done along the line of class size and later, possibly 
at this meeting, map out a plan of procedure. A little investigation into the literature 
on education brought us to a book by Professor Hudelson of the University of Minne- 
sota, ‘‘Class Size at the College Level,’’ published in 1928. The book is in reality a 
report of a faculty committee appointed in 1924 to study this problem for the Uni- 
versity of Minnesota. A review of previous work on class size beginning with the work 
of Rice in 1896 is given, but none of the previous work was conclusive. The investi- 
gators at Minnesota then started on an elaborate experimental determination of the 
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effect of class size on what the student learned. The system of using matched groups 
of students in large and small sections and comparing the resulting grades was used. 
Class sizes ranged from 11 to 150 and for the years for which the report is published 
involved over 6000 students in more than 100 classes. None of these classes were in 
chemistry. Classes in physics were included in the test. The work was not considered 
complete with the publication of the book. In the Journal of Higher Education for 
November, 1930, Professor Hudelson reports that the experiments are still going on 
and they have now covered the work of more than 10,000 students. In four out of 
five cases, the results were as good or better in large classes taught by the lecture method 
as in small classes using small class methods. There have been no data published on 
laboratory work, a very important, perhaps the most important, phase of instruction 
from the chemist’s viewpoint. We believe the general methods used at Minnesota could 
be satisfactorily applied to laboratory classes. This investigation will be continued 
and it is hoped that the final results at Minnesota will soon be available. These results 
will probably largely determine the future course of the committee. 


14. Premedical Requirements in Chemistry. J. P. MoNTGoMERry, 
Chairman, presented a formal report which was adopted and which was 
published in full in the JouRNAL oF CHEMICAL EpucaTION [9, 1117-21 
(June, 1932)]. 

15. Preparation of High-School Teachers. A. J. CuRRIER, Chair- 
man, transmitted the following report: 


The Committee on Preparation of High-School Chemistry Teachers has under- 
taken no new work beyond that which was reported upon at the Buffalo meeting in 
September. I feel that the committee has accomplished about all that I see can be 
accomplished and I believe the other members of the committee have the same view of 
the matter. May I say that I am glad to have had the opportunity to contribute to the 
problem of teacher training and appreciate very much the coédperation that I have had 
from the committee and from the officers of the Division. 


It was voted to accept the resignations of the members of the present 
committee and to refer to the Committee on Naming and Scope of 
Committees (Wilhelm Segerblom, Chairman) the question of constituting 
a new committee. 

16. Teaching Load. J. E. MILLs, Chairman, presented the following 
progress report, which was accepted: 


A long preliminary report has been prepared and studied by the members of the 
committee. Final conclusions have not yet been reached. It seems probable that 
the facts collected and a general discussion of the situation will be published shortly. 
Request will be made, at that time, for additional information and for an expression of 
opinion from those interested. 


17. Women’s Club Study Course in Chemistry. Harrison HALE, 
Chairman, transmitted the following report which was accepted: 


Your committee has had two programs appearing this year in different numbers 
of The Chemistry Leaflet. Mrs. Pauline Beery Mack is largely responsible for these 
programs and for the good which we hope they accomplished. We have felt that it 
was unwise under existing conditions to push the work of our Committee unduly just 
now. We recommend that the Committee be continued, and our activity in the future 
will be determined by conditions then operative. 











1932 


Ups 
sed. 
hed 
e in 
Ted 
for 


: of 
10d 


ion 
uld 


Its 


ws 











Vou. 9, No. 8 SECRETARY’S REPORT 


Minutes of the Business Meeting of the Division 
4.30 P.M. Marcu 30, 1932 


1. The minutes of the Buffalo meeting were approved as published 
in the JOURNAL OF CHEMICAL EpucatTIoNn [8, 2437-45 (Dec., 1931) ]. 

2. The actions of the Executive Committee and Senate (see fore- 
going record) were approved. 

3. It was voted to express our thanks to the New Orleans Section 
for their cordial hospitality and for the careful and efficient planning 
which made our program successful ; and in particular to express our appre- 
ciation of the excellent services of WALTER G. ALLEE as Local Secretary. 


Adjourned 5:00 P.M. 
Ross A. BAKER, Secretary 
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Correspondence 





EXHIBIT AVAILABLE ON MANUFACTURE OF PORTLAND 
CEMENT 
To the Editor 


DEAR SIR: 

From time to time we receive requests from teachers, students, and 
others asking for educational material on the manufacture of cement. 

At the present time we have no literature on the manufacture of ce- 
ment which we can furnish to schools, teachers, and others. We can, 
however, if desired, furnish an exhibit set which consists of eight display 
bottles containing samples of both raw and finished products used in the 
manufacture of portland cement. We shall be glad to furnish these ex- 
hibit sets on request at 50 cents per set. This nominal charge is made to 
cover the cost of the containers and postage. 

Yours very truly, 
M. A. Berns, Publicity Manager 


UNIVERSAL ATLAS CEMENT Co. 
Cuicaco, ILLINOIS 


OK, 


AN IONIC EXPLANATION OF THE SEPARATION OF THE 
CATIONS OF THE TIN SUBGROUP WITH THE REAGENT 
SODIUM HYDROXIDE 

To the Editor 


DEAR SIR: 

It is common practice in qualitative analytical procedure to make a sepa- 
ration of the copper and tin subgroups in ammonium sulfide, ammonium 
polysulfide, sodium sulfide, or sodium hydroxide, leaving undissolved the 
more basic cations which comprise the so-called copper subgroup. 

This letter is concerned with the use of sodium hydroxide as the dis- 
solving reagent and more particularly with the ionic explanation of the 
reaction. 

The current manuals of qualitative analysis give a perfectly satisfactory 
explanation for the dissolving of the tin subgroup by sodium and ammo- 
nium sulfides but leave one very much in the dark as to just why and how 
these sulfides dissolve in sodium hydroxide. The writer wishes therefore to 
propose an explanation in harmony with the analytical situation and with 
the ionic theory, making, however, no claim to originality but hoping to 
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clarify the situation for the benefit of elementary students of qualitative 
analysis. 

According to Stieglitz! the separation of the arsenic group (arsenic, anti- 
mony, tin, gold, and platinum) from the copper group depends primarily 
upon the chemical difference between the two groups. The oxides of the 
arsenic group cations, in the higher valencies especially, tend to be acid- 
forming substances. Accordingly we should expect arsenic oxide to form 
with water arsenic acid thus: 


As2Os of 3H20 —_— 2H;AsQO,. 


Furthermore this acid-forming characteristic of these oxides is carried 
over into their sulfides, as might be expected in view of the marked simi- 
larity between oxygen and sulfur compounds in general. 

Bearing in mind the amphoteric nature of the oxides and sulfides of the 
arsenic group cations it becomes a relatively simple matter to present a 
series of ionic reactions explaining the solution of these sulfides in sodium 
hydroxide. 

The reactions involved in dissolving AseS; and As:S; in NaOH can be 
formulated as follows: 


Astt+ 
As3S3 “ph 3H:.O0 == H;AsS; + H;AsO; (1) 
3H* + AsS;* == H;AsS; == Ast++ + 3HS- (2) 
3H* + AsO," == H;AsO; == Ast*+ + 30H- (3) 
As * 


AsoSs -+ 3H,0 — H;AsS, + H;AsSO3 
6H+t + AsS,= + AsSO;" == H;AsS, + HsAsSO; + 2H,O == 2As** + 50H~ + 5SH- 


In the above representation, As2S; and water are in equilibrium with 
arsenious acid and thio-arsenious acid. The former compound being am- 
photeric ionizes into Ast+*+ and OH™ ions on the one hand and into Ht 
and AsO;* ions on the other. H;AsS;, also amphoteric, ionizes into As*++ 
and HS~ ions and into H* and As§S;* ions. 

Addition of NaOH results in the removal of H* ion through the formation 
of weakly ionized water, with a consequent displacement of the ionization 
equilibrium of both H;AsS; and H;AsO; to the left and a concurrent in- 
crease in AsS;= and AsO;= ions. The dissociation of H3;AsS; and H;AsO; 
necessarily disturbs equilibrium (1) of the above series of ionic reactions 
resulting in more As,S; dissolving or reacting to maintain the equilibrium 
concentration. Addition of sufficient NaOH so lowers the H+ ion con- 
centration that the shift to the left in equilibria (2) and (3) above is great 


1 STIEGLITZ, ‘‘Qualitative Chemical Analysis. Vol. 1. Theoretical Part,” The 
Century Co., New York City, 1926, pp. 242-3. 
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enough to keep the concentration of H;AsS; and H;AsO; below the equi- 
librium value for (1). Hence all the As2S; dissolves. 

Sodium hydroxide dissolves the pentasulfide of arsenic in a similar 
fashion and for the same reasons. The thio-arsenic acids ionize in two ways 
as indicated. Removal of H* ion by addition of NaOH shifts the equi- 
librium to the left, increasing the concentration of AsS,= and AsSO;= and 
depleting that of the thio acids themselves. Consequently, AsS; dissolves. 

Ionic equations showing the behavior of the other sulfides of this group 
follow. Tin in its lower valence is omitted since it is not completely soluble 
in NaOH. Before treatment with H.S, it should be oxidized to the stannic 
condition if this method of separation of the tin subgroup is to be used. 
Gold and platinum are not included since they rarely are considered in 
elementary courses. 


Sott+t 
Sb.S; + H,O == HSbS: + HSbSO 
2H* + SbS.~ + SbSO- == HSbS, + HSbSO + 2H.0 == 2Sbt++t + 3SH- + 30H- 


Sottt 
Sb.S; + HO == HSbS; + HSbS.O0 
2H* + SbS;~ + SbS,0- == HSbS; + HSbS,0 + 4H,O == 2Sb** + 5SH- + 50H- 


Snitt 
SnS. + H.O == H2SnS,.0 
2H*+ + SnS,0- == H2SnS.0 + H,O == Sn*+ + 2SH- + 20H™ 


The explanation of the effect of NaOH on the sulfides is the same in each 
case. The solution of the sulfide depends upon the removal of the H* ion 
in each of the above series of equilibria resulting in a shift toward the left. 

The explauation of reprecipitation of the sulfides when an acid is added 
to the alkaline solution is based upon these same equilibrium conditions. 
Again referring to equilibrium (2) above it is evident that addition of an 
acid will result in the formation of weakly ionized H2S by the action of 
HS~ and H* ions. High concentration of H* ion will suppress the concen- 
tration of HS~ to the point where the equilibrium will now shift to the right. 
The same logic applies to equilibrium (3) only in this case weakly ionized 
water is formed by the action of H+ ion on OH~ and an increase in the 
concentration of H;AsO; results. Increased concentration of H;AsS; and 
H;AsO; tends to supersaturate the solution with respect to these substances 
and As,S; is formed in accordance with the equilibrium conditions of equa- 
tion (1). 

Reprecipitation of the other sulfides on the addition of an acid can be 
accounted for in like manner. 

In brief, then, the sulfides of the tin subgroup of cations, like their oxides 
and like the hydroxides of zinc and aluminum, dissolve in sodium hydroxide 
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because of their acid-forming characteristics. They reprecipitate from 
solution because of their base-forming characteristics. Such compounds 
are appropriately called amphoteric. 
Yours respectfully, 
WiLLiAM D. WARREN 


910 E. 7TH STREET 
ApA, OKLAHOMA 


OK, 


INSERTING GLASS TUBING INTO TIGHT-FITTING RUBBER 
STOPPERS 


To the Editor 


DEAR SIR: 

It is my experience, and no doubt that of several others too, that a great 
many workers in the laboratory get occasional cuts on their hands through 
forcing a glass tubing into a tight-fitting rubber stopper. Similarly, a great 
difficulty is usually felt in taking out tight-fitting rubber stoppers from 
delicate pieces of apparatus to which they have stuck owing to long ex- 
posure. I have found the following method very simple and safe for remov- 
ing these. 

Take an ordinary cork borer of the size next bigger to that of the tubing 
to be inserted and push it into the rubber stopper. While it is in position 
insert the glass tubing and, holding the latter in the desired position, pull 
out the cork borer slowly. The stopper now grips the tubing firmly and 
there is no looseness in the fit. If it is desired to remove the tubing, the 
cork borer is first gently but firmly inserted and the tubing drawn out quite 
easily. 

The method appears very simple, but works admirably. I hope the 
publication of this letter in your JOURNAL may help many a worker engaged 
in chemical laboratories. 

Yours faithfully, 
V. N. PATWARDHAN 


INDIAN INSTITUTE OF SCIENCE 
HERBAL, BANGALORE, INDIA 











APPARATUS, DEMONSTRATIONS, AND LABORATORY PRACTICE 


The use of color in slide-making. G. E. Estes. Educ. Screen, 11, 85-6 (Mar., 
1932).—Color is characterized as an “‘eye-catcher and holder of attention.’’ Materials 
needed for slide-making are listed; methods for coloring with assurance of permanence 
are described. Directions are given in detail for coating cover glasses, and for tricks 
and shortcuts of preparing temporary, though acceptable, slides. It is a very helpful 
article for any one desirous of improving the visual aids used in his mae. 

B. C.H. 

Heat of reaction. M. E. CHARLESWORTH AND E. M. Patcu. Sch. Sci. Rev., 13, 
256 (Mar., 1932).—The following can be carried out as a class experiment, the apparatus 
required being cheap and simple. The water equivalent of the thermos flask was 
neglected. 

Experiment——To determine the heat evolved when 1 gram-molecule of zine dis- 
places copper from a solution of copper sulfate. 

Process.—Weigh out about 4 grams of fine granulated zinc in a test tube which 
just fits into the neck of a cheap thermos flask. Make up about 200 cc. of a solution of 
copper sulfate containing between 30 and 40 grams of the salt (this being enough to en- 
sure excess for the reaction). Pour this at room temperature into the thermos flask; 
suspend the test tube in the liquid; insert an ordinary thermometer, plug up the neck 
with cotton wool and leave for about half an hour to assume constant temperature. 
Record the temperature, pour the zinc into the solution, and stir with the thermometer for 
about 10 minutes to allow time for complete reaction, keeping the neck still plugged. 
Record the rise in temperature. 


Zn + Cut+ —> Zn*t + Cu + Q cals. 


The following results were actually obtained: 


URE UIE Ai siceita ti yiites © als sass 6 ¥ix 15 Ete oe Oe fie 4 grams 
Volume of copper sulfate solution...................... 200 ce. 
Temperature WelOle MURIME So 5 6 ie oe ee ek Oe 19°C. 
Tétnperatnte Biter MH. ese sos ag sv cons vcs sles 34°C, 
ieee ARIE ithe ne SP oc kee oes bebe Mo eS e ees 48°C. 
Reaction of 4 grams of zinc produced................... 3000 cals. 
Reaction of 65.4 grams of zinc would produce............ me 
= 49,050 cals 
Theoretical value = 50,110 cals. 
O.R 


New indicators for volumetric analysis. W.H. Barretr. Sch. Sci. Rev., 13, 
277-9 (Mar., 1932).—-The author discusses the use of diphenylamine as an internal indi- 
cator in potassium bichromate titrations [cf. Knop, J. Am. Chem. Soc., 46, 263 (1924) | 
and as an indicator with very dilute permanganate solutions, and in the determination of 
stannous ion in solution [cf. Saz, Chem. Zentr., I, 2725 (1926); Someya, Sci. Rep. Tohoku 
Imp. Univ., 15, 400 (1926)]. Among adsorption indicators for the titration of chloride 
and other halide solutions, he mentions fluorescein and eosin [cf. Fajans and Hassel, 
Z. Elektrochem., 29, 495 (1923); Fajans and Wolf, Z. anorg. Chem., 137, 221 (1924); 
Kolthoff and van Berk, Z. anal. Chem., 70, 369 (1927)]. Metanil yellow is another ad- 
sorption indicator useful in the direct titration of copper and other chlorides [cf. Kolt- 
hoff, Z. anal. Chem., 71, 235 (1927) ]. O:.R. 


KEEPING UP WITH CHEMISTRY 


European scientists study neutron. V. Corman. Sci. News Letter, 21, 230-1 
(Apr. 4, 1932).—Leading physicists of Europe, including de Broglie of Paris. Bothe 
of Giessen, Monsieur and Mme. Curie-Joliot of Paris, and J. Chadwick of the 
Cavendish laboratory of Cambridge, England, are investigating the neutron, the latest 
found unit in the structure of the atom. Some consider the phenomenon to be analogous 
to gamma rays or a species of radiation. Others hold to the idea it is not of the 
nature of quanta but rather a combination of a proton with a lone electron. The 
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two are supposed to be closely bound together, much more so than the kernel of hydrogen 
and its valence electron. BC: EE 
Experiments with cosmic rays. W. Borue. Sci. News Letter, 21, 159-60 (Mar. 
12, 1932).—-The author reports, ‘‘Our experiments show that energy is gained if any 
alpha particle is shot into the beryllium nucleus. That istosay ....acarbon nucleus of 
atomic weight 13 is produced which contains less energy than the two original nuclei 
together.” The gamma radiation from beryllium, as the alpha particle penetrates its 
nucleus, has penetrating powers approaching that of the softest components of the cosmic 
rays. There is a difference, however. The cosmic rays behave as corpuscular radiation 
while these newly studied gamma rays are quite like normal gamma rays. B:.€.H 
Nickel tubing resists fatigue. R. WortHincton. /nco, 11, 11 (1932).—Fatigue 
tests made in comparison of the properties of copper and nickel tubing for use in airplane 
fuel lines indicate that nickel tubing is much superior to copper. EE. T.-B: 
Selecting the materials for the Timken locomotive. T. V. BucKWALTER. Inco, 
11, 7 (1932).—Nickel steels have been used in the Timken locomotive where the parts 
were subjected to heavy wear and stress. During the entire 100,000-mile test period, 
these parts gave completely satisfactory performance. He Tas. 
The manufacture of sulphuric acid. S.I. Levy. Sch. Sci. Rev., 13, 291-9 ata 
1932).—Continued from Sch. Sct. Rev., 12, 129 (Dec., 1931). O..R: 


HISTORICAL AND BIOGRAPHICAL 


Edward Czrtis Franklin, the man. J. Streciitz. Chem. Bull., 19, 131-2 (May, 
1932).—‘‘Franklin has gained a hold on all those who knew him personally by virtue of 
his sturdiness of character, honesty of mind, and of complete frankness and trust- 
worthiness. In addition, he has preserved unspoiled many of the endearing qualities of a 
boy, such as his love of fun and of jokes, his joy in adventuring, his evident need of sym- 
pathy and understanding, and his supreme gift of giving sympathy and understanding.” 

He T28. 

Scientific worthies; The Right Honorable Lord Rutherford of Nelson, O.M., 
F.R.S. M.pE Broce. Nature, 129, 665-9 (May 7, 1932).—This is an appreciation 
of the work of Lord Rutherford, which describes briefly his various lines of investigation. 
From his McGill days (1898) his research has been mainly in the field of radioactivity, 
with an intensive study of various types of radiations. In 1919 for the first time an 
actual case of chemical transmutation of an element was proved scientifically, which 
was the beginning of a new branch of physics and chemistry—that of artificial radio- 
activity. The author gives an interesting summation as follows: ‘“Taking Lord Ruther- 
ford’s work as a whole, one finds that underlying it there is always a concrete picture of 
the problems based on direct experiments, and then, avoiding all mathematical com- 
plications, these experimental facts are connected up by means of a theory which gives 
a direct visual picture of the phenomena. Recent theoretical views suggest that such a 
mechanistic view of Nature cannot be pushed beyond a certain point, and that the funda- 
mental laws can only be expressed in abstract terms, defying all attempt at an intelligible 
description. The philosophy of science has always swung between these two points of 
view. The work of the great physicist to whom these lines are dedicated shows, however, 
to what brilliant discoveries the method followed by Lord Rutherford can lead.’”’ Portrait. 

FF. B.D. 

The newer metals of group IV. “A classic of science.” Sci. News Letter, 21, 
166-7 (Mar. 12, 1932).—Zirconium, Kiaprotn in Crell’s Chemische Annalen fiir die 
Freunde der Naturlehre (1789). Analysis of zircon revealed 68% of an “unknown earth, 
which seems new to me.’”’ Corundum also contained an “unknown earth” which, how- 
ever, had different properties from the one found in zircon. 

Titanium, WILLIAM GREGOR in Crell’s Chemische Annalen (1791). Some sand found 
in Cornwall was black and had a density of about 4.427. A number of other rather un- 
usual properties led the author to think that this sand contained a new metallic substance 
which he called Manachanite for the locality in which it was found. 

Thorium, J. J. BERZELIUS, Annalen der Physik und Chemie (1829). The mineral 
in which this element was first discovered had a very great density. The discoverer of 
thorium says, ‘‘This mineral contains a hitherto unknown metallic body” which by the 
properties of its oxide should be classed as an earth resembling zircon in many ways. 

Hafnium, D. Caster and G. Hevesy in Nature (London) (Jan. 20, 1923). The 
authors use the X-ray method of determining the existence of this new element. Pre- 
vious announcements of its discovery, they show, were mistakes, for in line with Bohr’s 
theory, the atomic structure of this element would make it more like zirconium than the 
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rare earth group. By examining extractions of zirconium minerals they found hafnium. 
B,C, 


TEACHING OBJECTIVES, METHODS, AND SUGGESTIONS 
The use of color in slide-making. See this title, p. 1490. 


THE PHILOSOPHY OF EDUCATION 


The science of education. M.J.DemrasHKxevicn. Phi Delta Kappan, 14, 184-90 
(Apr., 1932).—The author suggests that there are not less than four meanings in which 
the word science is employed. (1) The common and most general use of the term, the 
predictive science. In this use of the word the mathematical and physical sciences find 
their classification. (2) Science is often applied to any classification or organization 
of knowledge. (3) Science is also used to designate a method of thought or as a way 
of solving the problems of life. (4) Science is further employed in referring to a general 
evaluation of the certainties and uncertainties of reality, of first causes and final ends of 
human existence. In this sense science merges into philosophy. The author classifies 
education as essentially a social and philosophical science. This classification employs 
science in the third and fourth meanings. He pleads that the determinism of natural 
forces be offset by a recognition of the free will of man; so may an “increase of goodness, 
beauty, and justice in life’’ be achieved. Be. 

The Science Masters’ Association London meeting, December 29, 1931. C. 
Norwoop. Sch. Sci. Rev., 13, 169-86 (Mar., 1932). Presidential address —Within 
the past generation science has become much less dogmatic, certain, and cocksure; it 
is now more agnostic, tolerant, open-minded. The same advance from certainty to 
uncertainty is to be observed in nearly all fields of human thought. Whereas, however, 
modern developments in science have led to a reéxamination of assumptions and a re- 
newed search for first principles, socially, economically, and governmentally we are still 
inclined to seek workable compromises and temporary expedients. 

“The modern world .... depends upon an international army of professionals, all 
of them pooling their knowledge, all of them specialists, but caring nothing for anything 
else than the promotion and progress of that subject in which they are specially in- 
terested.... Since, therefore, those who pursue the path of scientific research are 
morally neutral so far as their scientific discoveries are concerned, and are engaged 
only with the discovery of truth within certain abstract limits, and since those who are 
concerned with giving a practical application to scientific discovery are also morally 
neutral, and are engaged only with foretelling a demand or meeting an existent demand 
by creating a supply with profit to its creators, it is clear that it is also a matter of acci- 
dent whether the result will be of prejudice or of real benefit to the human race, and it is 
becoming an increasingly acute question whether it is safe to place the increased knowl- 
edge and power which are put into our hands by the advance of science unreservedly 
into the hands of those who have that specialized ability to exploit it, publicly and eco- 
nomically.... 

“It looks, therefore, as though we ought to fall back for our ideal world on some such 
hope as Plato sketched for his ideal Republic—the existence of a class of guardians, men 
of supreme foresight and wisdom, whose business would be to see all around, to direct, to 
organize, and to prevent. Ideally they are necessary, but where are they to be found?. 

At present I am afraid that it is true to say that not only our own country but the world 
is conspicuously lacking in statesmen... . 

“T agree that no method is known to us on which we can rely for giving us great in- 
dividual leaders, but I think that it is possible for us to hope that by education we may 
produce great societies, and if these can be in time produced, then by their power of 
judgment and by the force of their public opinion, they can act as a powerful form of 
control over the activities of the specialists. A society which had learned as individuals 
something of the meaning of scientific truth and the nature of fact, which had learned to 
desire the better and to reject the worse, would be one in which the better would pay, 
and the worse would not, and would therefore convert, or at any rate control, the ma- 
terialist by the only argument which would weigh with him.” 

Dr. Norwood pleads for more emphasis on the education of future citizens and less 
on the education of future specialists. He counsels particularly more extensive and more 
general education in art and science in the widest possible meanings of those terms. 
Such education need not necessarily consist in mere smattering. Whether or not it does 
will depend to some extent upon how syllabi are drawn, but, above all, on the teachers 
themselves. O. R. 
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n. PROFESSIONAL 


College and university teaching. ANon. Bull. Am. Assoc. Univ. Profs., 18, 
186-9 (Mar., 1932).—A study is being made under the auspices of the association upo1 
the basis of which it is hoped to make suggestions for the improvement in teaching. 
Furthermore, it is to be hoped that a satisfactory method of recognizing excellence in 
teaching will be developed. A list of thirteen questions has been prepared dealing with 
methods of assisting the teacher in service, methods of rating the teacher, the effect on 


10 teaching of outside work, relative values of different methods of instruction, and ad- 
h ministrative practices. HT.B 

“ Requirements for the master’s degree. Report or CommiTrEE M. Bull. Am. 
d Assoc. Univ. Profs., 18, 169-85 (Mar., 1932).—This committee believes: (1) That the 


widespread dissatisfaction with the present status of the master’s degree is justified. 
(2) That the demand for the degree is nevertheless great and, in many quarters, increas- 
1 ing. (3) That immediate standardization of requirements is impracticable in view of the 
f several useful purposes which the degree now serves in different institutions. The 
standards for the degree vary abnormally, and on three different levels of comparison; 
(a) as between institutions of different rank, (b) as between different departments of a 
| university, and (c) as between candidates of different equipment in the same department. 
: The Committee invited discussion on nine questions, a brief résumé of which follows. 
5 1. The significance of the degree varies; (a) the secondary-school teacher wants it in 
the interests of promotion and tenure of position, (>) as research training, which all who 
offered comment felt was highly desirable, and (c) as a post-graduate course. 2. Opin- 
ions vary as to the length of the M.A. course, but in general it is felt that the one-year 
course is satisfactory. 3. The requirement of a minor in such a short course is unwise 
except possibly in weak departments. 4. The final comprehensive examination is re- 
garded as desirable, but makes heavy demands on the time of the faculty. 5. Senti- 
ment seemed to favor the use of the thesis or report. Attention is called to the fact 
that to secondary-school teachers the degree represents greater effectiveness in the 
classroom. For this purpose the thesis is of little value. 6. The committee made no 
report on the essential requirements in a prerequisite bachelor’s degree. 7. The accep- 
tance of work done in other colleges or by extension is variable, but the general practice is 
to accept one-fourth to one-third of the work done elsewhere toward reduction of the 
minimum residence requirement. Some universities accept some work done by ex- 
tension. 8. The prevailing opinion seemed to favor the admission of M.A. candidates 
to advance undergraduate courses and to Ph.D. seminars. 9. A number of uni- 
versities do not make use of foreign language requirements, and where the requirement is 
made, the enforcement often varies between different departments. Hed -..Be 


GENERAL 


Schools and research. J. THorPE. Sch. Sct. Rev., 13, 189-200 (Mar., 1932).— 
This paper is an address delivered before the Science Masters’ Association on December 
30, 1931.. Professor Thorpe divides his discussion into three principal topics. Under 
the first, ‘“Science Masters and Research,”’ he tells something of five outstanding men 
who conducted significant chemical researches while employed as science masters; namely, 
William Ashwell Shenstone, Francis Jones, R. L. Taylor, William Augustus Tilden, and 
H. B. Baker. He quotes H. B. Baker, a pupil of Francis Jones, as saying: “Besides 
Jones’ personality, what affected us boys most was seeing him always at work on re- 
search. Many of those who have since given their lives to original investigation owe 
most of the impetus which has driven them on to the work on boron hydride which they 
watched in progress. No schoolmaster had an influence like him on the making of a 


chemist.”’ 
Concerning ‘‘The Schools and Initial Training’ he says: ‘‘Nothing is more to b2 
deprecated than early specialization. Even in the University,... whether the student 


intends to enter an industrial or a scientific (academic) career, his degree course should 
be the same, and it is only after his degree that specialization should ensue.” 

Under ‘“‘The Future Field of Research,’’ Professor Thorpe calls attention to the 
new vistas which have been opened up in the field of high-pressure synthesis and in hor- 
mone and vitamin research. Ov RK: 
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General Chemistry. Lron B. RicHarp- 
SON, Professor of Chemistry in Dart- 
mouth College. Revised edition. 
Henry Holt & Co., New York City, 
19382. v + 779 pp. 105 Figs. 14 X 
21.5cm. $3.50. 


This is a revised and rewritten edition 
of a book first published in 1927 and re- 
viewed in the JoURNAL OF CHEMICAL 
EpucaTIon for December, 1927 (p. 1560). 
In this new edition, the author has 
adhered to his original conception, ‘‘That 
the text is the vital element in chemical 
instruction, and that in such books ex- 
planations more detailed than is always 
the case are of advantage to the student. 
Material of an explanatory and illustrative 
character, commonly confined to lectures, 
is included in this book, which owes its 
length to that factor rather than to the 
greater number of topics treated.” 

The book, in its present form, contains 
50 chapters in which the excellence of 
style and clarity of presentation which 
characterized the original edition have 
been maintained. The order of presenta- 
tion has been changed so that the chapters 
on “‘The Periodic System’’; ‘‘Radium and 
Radioactivity”; “The Structure of 
Atoms”; and ‘The Arrangement of 
Planetary Electrons” follow immediately 
after the discussion of the theory of 
electrolytic dissociation and its applica- 
tions. This change of order is especially 
commendable. The chapters on ‘The 
Periodic System”; ‘‘The Structure of 
Atoms”; ‘“‘The Arrangement of Planetary 
Electrons’; and “Oxidation and Reduc- 
tion” are especially worthy of mention. 

It seems to the reviewer that the author 
has accomplished his purpose in producing 
a book by the use of which, “The student 
should gain from his study of inorganic 
chemistry in college an acquaintance with 
the way in which the scientist thinks; 
with the theoretical principles which bind 
the science together and reveal the rela- 


tionship between matters seemingly far 
apart. Secondly, he should acquire a 
knowledge of what the chemist has done 
and is doing for the comfort and con- 
venience of mankind.’’ The workman- 
ship and materials used in the printing 
and binding of the book are excellent. 
A. E, McKINNEy 


HAMILTON COLLEGE 
CLINTON, NEw YORK 


Introductory General Chemistry. Sruarr 
R. BrinKieEy, Associate Professor of 
Chemistry, Yale University. The Mac- 
millan Co., New York City, 1932. x + 
565 pp. 14 X 21.5cm. $3.00. 


Because of the great amount of material 
available for a general introductory course 
in chemistry, the author proposes at the 
outset to select only essential topics. As 
stated in the preface, this selection is 
based on the following objectives: ‘“‘to 
afford an insight into that method of 
thought known as the scientific method 
which differentiates the civilization of to- 
day from all which have preceded it; to 
develop a basis for an understanding of the 
true significance of chemistry in the mod- 
ern world; to codrdinate the facts, laws, 
and theories of chemistry as an orderly 
science; and to limit the amount of spe- 
cific descriptive and theoretical material, 
and to arrange the order of the topics so 
that the student may grasp the major de- 
velopments of the subject without be- 
coming lost in a maze of minor details.’ 

While in the main the historical method 
of development has been used, the author 
employs much the same method of pre- 
senting the subject that was used in his 
earlier text, ‘Principles of General Chem- 
istry,” The Macmillan Co., 1926. A 
brief‘ discussion of the usefulness of the 
periodic classification of the elements in 
the correlation of chemical facts is given in 
Chapter V and again in Chapter XIII. 
While the first half of the text is somewhat 
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heterogeneous, in that there appears to be 
no very evident reason for the order of its 
subject matter, the latter half possesses 
an evident sequence and an interesting 
continuity which binds the subject matter 
into a uniform whole. 

The student is given an introduction to 
the metals, first through the study of salts 
under the general chapter headings of ni- 
trates, halides, sulfates, etc., following 
which the metals as such are discussed 
under the general headings of active 
metals, metals obtained from oxide ores, 
and metals obtained from sulfide ores. 
This arrangement lends itself well to a 
comparative study of the metals and 
should enable the student to correlate his 
facts to good advantage. Such a view- 
point makes possible the development of 
greater interest on the part of the student 
and greater unity in the subject matter, 
both of which are well-recognized essential 
principles in the teaching of general 
chemistry. 

In addition to the usual descriptive 
matter, radioactive substances and atomic 
structure are discussed at some length in 
Chapter XII and the colloidal state of dis- 
persion, together with some of its more 
important applications, is treated in Chap- 
ter XXIV. The final three chapters of the 
book are devoted to a discussion of the 
hydrocarbons and their derivatives. 

The book is well illustrated, is written in 
a clear and very readable style and 
possesses abundant material for a thor- 
ough course in general chemistry. 

GEORGE W. SEARS 


UNIVERSITY OF NEVADA 
RENO, NEVADA 


Principles of Chemistry. Jor: H. HiLpE- 
BRAND, Ph.D., Professor of Chemistry, 
University of California. 3rd edition. 
The Macmillan Co., New York City, 
1932. ix + 328 pp. 24 Figs. 13.5 x 
19.5cem. $2.25. 


This book has been the outgrowth of a 
need for a textbook in the course in gen- 
eral chemistry and qualitative analysis in 
the University of California, according to 





RECENT BOOKS 1495 


the preface to the first edition, printed in 
1916. The author feels that the ideal 
textbook would consist of two volumes— 
one of general principles, the other of de- 
scriptive chemistry. The present book 
is aimed to supply the material for the 
first volume, leaving the descriptive ma- 
terial to be obtained from the companion 
volume, published in 1929—‘‘Reference 
Book of Inorganic Chemistry” by Latimer 
and Hildebrand [for review, see J. CHEM. 
Epuc., 6, 1004 (May, 1929)]. The 
book is planned to be used also in connec- 
tion with the laboratory manual by Bray 
and Latimer, ‘‘A Course in General Chem- 
istry,” Revised Edition, 1932 (for re- 
view see next page). 

The author indicates that high-school 
chemistry is prescribed for entrance to this 
course. The material is presented under 
various topics which may or may not be 
taken up by the instructor in the order in 
which they are presented in the text. 
The author has endeavored to leave as 
much flexibility in this matter as possible. 
Chapters are devoted to the following sub- 
jects: (I) Kinds of Matter; (II) Weight 
Relations in Chemical Reactions, Atoms 
and Molecules; (III) The Kinetic Theory; 
(IV) Molecular Weights; (V) Atomic 
Structure and the Classification of Com- 
pounds; (VI) Concentration; Acidimetry 
and Alkalimetry; (VII) Thermochem- 
istry; (VIII) Electrolytic Dissociation; 
(IX) Valence; (X) Chemical Nomencla- 
ture; (XI) The Speed of Chemical Re- 
actions; (XII) Chemical Equilibrium; 
The Effect of Concentration; (XIII) 
Types of Equilibrium; (XIV) The Effect 
of Pressure and Temperature upon Equi- 
librium; (XV) Oxidation and Reduction; 
(XVI) The ‘Constitution of the Atom; 
(XVII) The Periodic System of Elements; 
(XVIII) Molecular Structure; (XIX) 
Dispersed Systems. 

The reviewer feels that this book, in 
connection with the other two volumes 
mentioned above, could be used especiaily 
well in a group planning to make a par- 
ticular study of chemistry. The topics 
are well discussed and many problems are 
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introduced at the ends of the chapters, 
along with review questions that are very 
helpful. He is under the impression, 
however, that for students who have had 
no previous chemistry, this work would be 
too heavy an assignment. He is also of 
the opinion that where students are plan- 
ning for just one year of college chemistry, 
a more general course covering both the 
inorganic and organic fields would be more 
desirable. 
ARTHUR J. CLARK 


MICHIGAN STATE COLLEGE 
East LANSING, MICHIGAN 


A Course in General Chemistry Including 
an Introduction to Qualitative Analysis. 
WitiiaM C. Bray, Professor of Chem- 
istry, and WrENDELL M. LATIMER, 
Professor of Chemistry, both in the 
University of California. Revised edi- 
tion. The Macmillan Co., New York 
City, 1932. x+159pp. 1Fig. 14x 
21.5cm. $1.60. 


The first edition of this laboratory text 
was published in 1923 and represented the 
work given at the University of California 
in general chemistry. 

In the introductory outline of the course 
the authors state their conviction that it is 
the duty of the university to train its stu- 
dents to meet any problems, and that their 
aim in giving the course is not simply to 
teach chemistry, but through it to teach 
science. 

In the present revised edition the au- 
thors have sought to attain more nearly 
their ideals of a course in general chem- 
istry. Quite a number of extensive re- 
visions have been made, such as the in- 
clusion of work with the Clark and Lubs 
indicators; measurement of electromotive 
force of simple cells in the study of oxida- 
tion and reduction, etc. Certain assign- 
ments have been added, such as A Quanti- 
tative Study of the Solubility Product; 
The Preparation and Properties of Col- 
loids, etc. 

The assignments—53 in number—are 
divided into five sections as follows: Sec- 
tion I—Weight Relations in Chemical 
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Reactions (seven assignments); Section 
II—Ionic Theory; Rapid Reversible Re- 
actions and Equilibrium (six assignments); 
Section III—TIntroduction to the Syste- 
matic Study of Ionic Reactions (eight 
assignments); Section IV—Selected Prob- 
lems in the Chemistry of Aqueous Solu- 
tions (nine assignments); Section V— 
Qualitative Analysis (three assignments), 
In the appendix directions for the prepara- 
tion of necessary reagents are given. 

Most of the assignments are quantita- 
tive in nature. The directions for carry- 
ing out the experiments are given very 
carefully in detail. Questions are inter- 
spersed with the directions wherever perti- 
nent and a goodly number of calculations 
and problems are included. References 
are made throughout to ‘Principles of 
Chemistry” by Hildebrand (for review, 
see p. 1495) and “Reference Book of In- 
organic Chemistry” by Latimer and Hilde- 
brand [for review, see J. CHEM. Epuc., 
6, 1004 (May, 1929)]. The reviewer is of 
the opinion that this laboratory manual 
will be admirably suited to the student 
who is using Hildebrand’s ‘‘Principles of 
Chemistry” as a text. The only possible 
danger from the educational standpoint 
might be that the student’s attention is 
called to so many different items in each 
assignment that the major principle being 
illustrated may be partially lost sight of. 
A great deal must of course depend upon 
the instructor handling the work, who will 
be able to emphasize the more important 
points through quiz and discussion periods. 

ARTHUR J. CLARK 


MICHIGAN STATE COLLEGE 
East LANSING, MICHIGAN 


How to Understand Chemistry. A. Frep- 
ERICK COLLINS, F.R.A.S. D. Appleton 
and Co., New York and London, 1932. 
xii + 322 pp. 31 Figs., 17 Tables. 
12.5 X 18.5cm. $2.00. 


The title of the book is somewhat mis- 
leading or else the author intended that 
the emphasis be placed on Understand and 
not on How. Apparently the volume is 
for the use of the layman as the content is 
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a cross between that of a high-school 
chemistry text and a college text. 

Some of the topics included are: (a) the 
elementary laws, principles and theories of 
chemistry; (6) chemical reaction and 
equation writing; (c) the periodic classifi- 
cation; (d) numerous important common 
inorganic and organic compounds;  (e) 
thermo-, electro-, and photochemistry; (f) 
organic chemistry; (g) chemical analysis 
and synthesis; and (h) the atomic theory 
(including the Schrédinger atom). The 
author believes that the book ‘“‘is really 
divided into two parts ... theory of 
chemical reactions . . . and methods of 
applied chemistry.” 

The purpose of the book is a worthy one, 
that is, providing the book is for those who 
have not had a course in the subject. 
The etymology of a number of chemical 
terms adds to the interest of the subject 
matter. In this connection it is interest- 
ing to note that the prefix thermo in 
thermochemistry is ‘from the Greek 
therme’’ and that thermometer is “‘from the 
Latin therma.” . The personal at- 
mosphere of the entire volume is quite 
friendly—this being a feature which 
should be more often employed in the 
presentation of fields of learning to those 
uninitiated in that field. 


The value of the book would be greatly 
enhanced if it were more accurate. Re- 
gardless of what may have been re- 
sponsible for these inaccuracies, it is more 
than unfortunate to find, for example, ten 
errors in the sixteen structural formulas 
in the sections dealing with organic chem- 
istry—a situation which does not lend 
strength to a portion of the author’s state- 
ment that “The chapter on Organic 
Chemistry is, to my mind, wonderfully 
interesting and instructive.” Volattliza- 
tion and burning are badly confused on 
p. 264. What are commonly considered 
as the major points of Dalton’s atomic 
theory are spoken of as laws (p. 116). 
The following statement might be de- 
bated—‘‘a means was found by which an 
element could be differentiated from a 
compound and this was done «by the 
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simple method of weighing them.” Mr. 
Collins’ concept of the ether and the etheric 
state of matter is quite interesting, but is of 
doubtful value. In taking issue with 
the author on these and other statements, 
the reviewer has been cognizant of the 
need for broad statements in a book of 
this type. 

When the non-debatable errors in the 
book are corrected it can be recom- 
mended for popular consumption. 

JESSE E. Day 


Tue Onto STATE UNIVERSITY 
CoL_umBus, OHIO 


The Story of Common Things. Louis 
EHRENFELD. Minton, Balch & Co., 
New York City, 1932. v + 208 pp. 
18 Illustrations. 12.5 19cm. $2.50. 


This book treats the science of chemistry 
as revealed in simple every-day things of 
life. The author as Curator of Chemistry 
in the Museum of Science and Industry, 
Chicago, is experienced in ways of catching 
the layman’s attention. In the introduc- 
tion he throws out this challenge to arouse 
interest in the substance sulfuric acid: 
“Suppose you think back over everything 
you know about what the chemist calls 
sulphuric acid (though you might recog- 
nize it better as ‘oil of vitriol’). You 
don’t know anything, you say, and if 
this is going to be a book as dry as that 
you are not going to be interested in it. 
But just a minute! You do know some- 
thing about sulphuric acid.” In soliciting 
interest in sugar chemistry the author 
feigns this argumentative mood: ‘You 
doubt whether there is such a thing as a 
sugar that is not sweet. All right! Corn 
sugar—called glucose—is not sweet. And 
to prove it, go lick a postage stamp. Glu- 
cose is the stuff put on the back of postage 
stamps to make them stick. If glucose 
were sweet, licking stamps would be more 
of a pleasure than it isnow.” And finally, 
in introducing the rare earth metals re- 
course is had to a favorite trick of the late 
Dr. Edwin E. Slosson: ‘‘What are some of 
the other uses for this common cerium 
and its near neighbors? Before we in- 
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vestigate their daily doings, let me intro- 
duce you to the cronies of our old friend 
Cerium. Reader, meet Thorium, Lan- 
thanum, Praseodymium, Neodymium, Sa- 
marium and these two shy fellows, with 
whom we are not yet well acquainted, 
Gadolinium and Europium. The names 
may sound much like a list of Greek 
Warriors, but it is the habit when naming 
metals to use names ending in -um. 
Now that we are all properly introduced, 
what do these fellows do for a living?’ 
This style is, to say the least, admittedly 
foreign to that of the college classroom of 
chemistry today, but who can say that our 
matter-of-fact teaching might not be made 
more virile by an occasional sally in this 
vein? 

The book contains eleven chapters with 
an Introduction and a Summary. The 
chapter headings are: Every Man a 
Prometheus; Paper; Glass; Soap; Chemi- 
cal Farm Relief; Chemistry and Health; 
Salt; Sugar; The Common Metals; Man- 
Made Materials; and Ceramics. One 
would not expect to find in a book of this 
nature a complete or critical account of 
the methods of manufacture of any of the 
products listed. There are few statistics 
given (in the author’s words, ‘‘We are 
not going to quote a lot of big numbers’’), 
and only one chemical formula, HO. 

There are no photographs of industrial 
plants or processes, but the work is en- 
livened by eighteen cleverly modernistic 
drawings by Joe Richards. 

Joun R. SAMPEY 


Howarp COLLEGE 
BIRMINGHAM, ALA, 


An Introduction to Organic Chemistry. 
ALEXANDER Lowy, Ph.D., Professor of 
Organic Chemistry, University of Pitts- 
burgh, and Benyamrn Harrow, Ph.D., 
Associate Professor of Chemistry, Col- 
lege of the City of New York. Third 
edition. John Wiley and Sons, Inc., 
New York City, 1932. xiv + 412 pp. 
15 X 23cm. $3.00. 


This text, which appears in its third 
edition although but eight years in ex- 
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istence, has been designed to include the 
‘‘well-recognized basic principles of organic 
chemistry” and ‘its more recent and more 
important applications.” The authors 
consider it suitable for the usual semi- 
weekly lecture course throughout the year 
as given either to students majoring in 
chemistry or to those preparing for medi- 
cine or its allied fields. 

The plan seems to be to present the sub- 
ject in a brief, easily perceived fashion. 
To accomplish this end the style is abbre- 
viated (at times it is almost outline-like), 
parenthetical expressions are numerous, 
practically all equations are written struc- 
turally, and uses for many of the basic com- 
pounds as well as type formulas are given 
in chart form. 


In the opinion of the reviewer the treat- 
ment of the subject matter is too limited, 
particularly for the student with the chem- 
istry major. The main essentials are pre- 
sented in a logical manner and the part 
which organic compounds play in our 
modern civilization is shown in an un- 
usually complete and up-to-date way, but, 
besides a lack of desirable detail, the 
exclusion of analytical calculations (many 
premedical students receive no analytical 
training other than that given in general 
chemistry) and the inadequate and anti- 
quated electron conception as presented, 
beginning on page 14, are to be regretted. 
It is, of course, granted that the desirabil- 
ity of introducing modern electronic theory 
in an elementary organic text is a disputed 
point but certainly that is not equally 
true of the conception of the tetrahedral 
carbon atom which, although but hinted 
at in a footnote on page 12, has been so 
helpful in accounting for, among other 
things, optical isomerism and certain ring 
forms. 


On the other hand this work contains 
many commendable features. The re- 
lations existing between the various or- 
ganic types are clearly shown; a separate 
chapter on nomenclature (American prac- 
tice) appears with a generous use of Ge- 
neva names in the main text; the latest 
developments, such as, for example, rub- 
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ber from chloroprene, are given; much in- 
formation of value is to be found in the 
charts of type formulas and uses as well as 
the tables on essential oils and enzymes; 
the reading references are numerous and 
excellent; and the chapters on plant and 
animal pigments, enzymes, vitamins, and 
hormones, although somewhat new to the 
pure organic field, show that the authors 
are expending considerable effort to keep 
abreast of the times. 


The book is remarkably free from errors. 
Reading is easy to a great extent because 
of the numerous structural formula equa- 
tions which, though space-consuming, are 
of ready interpretation. However, a less 
frequent use of the parenthesis would al- 
low one to follow the trend of the thought 
with less difficulty. 

C. A. BUEHLER 


THE UNIVERSITY OF TENNESSEE 
KNOXVILLE, TENN. 


Organic Syntheses (Collective Volume I). 
(Being a revised edition of Annual 
Volumes I-IX.) HENRY GILMAN, 
Editor-in-Chief. John Wiley and Sons, 
Inc., New York City, 1932. ix + 564 
pp. 42 Figs. 15 X 28cm. $6.00. 


Volumes I to IX, inclusive, of the annual 
publication “Organic Syntheses’ have 
been thoroughly revised, slightly ex- 
panded, and published in one volume. 
The new directions are for adipic acid, 
benzilic acid, cyclohexylearbinol, diben- 
zoylmethane, d-glutamic acid, glycine, dl- 
methylethylacetic acid, pentaerythritol 
and -propyl benzene. 

In the reviewer’s opinion the outstand- 
ing feature of the collective volume is its 
indexes, of which there are five: a type of 
reaction index, a type of compound index, 
a formula index, an illustration index, and 
a general index. Each index is con- 
veniently marked by a thumb index tab, 
making its use convenient and rapid. 

In connection with this well-known pub- 
lication, it is almost superfluous to add 
that the methods described for the prepa- 
ration of various organic substances have 
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been carefully checked in a laboratory 
other than that of the contributor. 


NATHAN L. DRAKE 


UNIVERSITY OF MARYLAND 
CoLLEGE PARK, Mp. 


Volumetric Analysis. G. Fowies, M.Sc., 
A.I.C. Assistant Master, Latymer Up- 
per School, Hammersmith. G. Bell and 
Sons, Ltd., London, 1932. xii + 202 
pp. 5 Figs. 12.5 X 19.5cm. 6s. 


The purpose of this book is to give an 
elementary survey of the field of volu- 
metric analysis as it applies to the deter- 
mination of both organic and inorganic 
substances. It does not attempt to give 
directions for nor to discuss the prepara- 
tion of the solutions for the analysis of 
technical and difficultly soluble substances. 

Chapter I is in the nature of an introduc- 
tion to the subject and describes the prepa- 
rations of some simple acid and alkali 
standards and their uses in a few of the 
more common volumetric determinations. 
Chapter II is also preparatory and deals 
especially with the subject of accuracy, 
giving a number of practical hints about 
procedures and manipulations. A brief 
discussion is given here of chemical equiva- 
lence and the method of calculating the 
results of the analysis. The next four 
chapters deal with the subject matter 
of the various volumetric procedures in- 
cluding the preparation of standard solu- 
tions and methods of analysis of various 
substances. Chapter III takes up the 
subject of acidimetry and alkalimetry. 
Chapter IV deals with oxidimetry, not 
including the iodimetric processes which 
are treated separately in Chapter V. 
Chapter VI deals with the volumetric 
precipitation processes. Chapter VII, 
the last one in the book, is a synopsis in 
which a more complete list of substances is 
arranged alphabetically, each substance 
being followed by a brief outline of the 
method or methods appropriate for its 
determination. 


While the subject matter is handled in 
an elementary way, the ground covered is 
considerably broader than that which 
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is usually met in a text designed to fit the 
needs of an elementary course given in the 
average American college. The theo- 
retical discussions, while not extensive, are 
accurate and are presented in a straight- 
forward way so as to be easily understood 
by beginners. The author, of course, 
presupposes a good foundation in general 
chemistry such as most colleges give. 
The methods described and the theoretical 
treatments are up to date. The book has 
the merit of being teachable as well as 
accurate. The author clearly demon- 
strates that he has had a considerable 
experience in teaching beginners, for he 
appreciates the value of a simple and di- 
rect method of presenting new material to 
the uninitiated. 

The reviewer would have been better 
satisfied if there had been added another 
chapter dealing with the preparation for 
analysis of a number of different technical 
and complex substances. This addition, 
together with some well-placed specific 
references to more extensive theoretical 
discussions, would have made the book 
adaptable to the teaching of a more ad- 
vanced course in volumetric analysis. 

The book should find a wide field of 
usefulness. It also deserves a_ better 
quality of paper and binding. 

H. W. BRUBAKER 


KANSAS STATE COLLEGE 
MANHATTAN, KANSAS 


1932 Illustrierter Apotheker-Kalender. 
Fritz FERCHL. Seventh Year. Ar- 
thur Nemayer, Mittenwald (Bayern), 
Germany, 1932. Appr. 100 pp. 16 X 
25cm. Postpaid M4.50. 


The illustrated calendar of the apothe- 
cary is an interesting and perhaps unique 
volume. It attempts to depict by means 
of numerous illustrations and captions the 
historical development of pharmacy and 
its allied sciences. The volume is con- 
veniently arranged in the form of a calen- 
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dar of the current year. The days of the 
month are so arranged that there are 
spaces for daily notations. On each 
page, which includes three or four days, are 
illustrations of some event of interest in 
the history of the guild of the apothecary. 

Among the illustrations which are par- 
ticularly impressive are Gregor Mendel, 
the famous iatrochemist Johann Baptiste 
van Helmont, and a reproduction of the 
classical painting ‘Der Alchimist.” 
Throughout the volume there are nu- 
merous illustrations of Christ shown as an 
apothecary. Many of the saints in- 
cluding Joseph and Mary are shown in the 
role of the apothecary as represented in 
ancient paintings. The illustrations set 
forth in no uncertain manner the high es- 
teem in which the apothecaries’ guild was 
held in the past and how its history is in- 
terwoven with that of chemistry and 
medicine. 

Joun C. KRANTZ, JR. 


STATE OF MARYLAND 
DEPARTMENT OF HEALTH 
BALTIMORE, Mp. 


MISCELLANEOUS PUBLICATIONS 


Educational Directory, 1932. Part II. 
Institutions of Higher Education. Re- 
print from Bulletin, 1932, No.1. U.S. 
Dept. Interior, Office of Education, 
Washington, D. C. Printed by the 
U. S. Government Printing Office, 
Washington, D. C. (For sale by the 
Superintendent of Documents, Washing- 
ton; D.C). (16: X "2a em: Pp. Fis 
108. $0.05. 


A Wonder Book of Rubber. Published 
by The B. F. Goodrich Co., Akron, 
Ohio, 1932. 46 pp. 14 X 21 cm. 
Free upon request. 


This booklet is not offered as a scientific 
discussion, but only as a story of rubber 
and the manufacture and use of rubber 
products, Extensively illustrated. 
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“DER ALCHIMIST’”’ By THOMAS WIjcK 
(1616-1686) 
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EDITOR’S OUTLOOK 


T A time when economy has become a universal watchword and when 
all expenditures are being closely scrutinized to determine whether 
or not they purchase commensurate returns it seems only proper that 
.,_.., all who are charged with responsibility for the disburse- 

Editorial ; : 

Objectives ment of funds should render a strict account of their 

stewardship. In the case of the JOURNAL, particularly, 
substantial financial adjustments have been necessary and have had their 
inevitable reaction upon editorial practices. Hence the editorial staff 
considers it not only desirable but obligatory to lay before the Division of 
Chemical Education and the body of its readers in general as definite a 
statement as possible of what it is attempting to accomplish with the 
means entrusted to it. 

Occasionally a reader points out that not all the material published by 
the JOURNAL is helpful or interesting to him and that if adjustments 
of outgo to income are necessary he would prefer to see them made by 
elimination of subject matter which is not of primary importance to him. 
From the standpoint of the individual reader this attitude is so logical as 
to admit of no argument. The immediate acquiescence of the editorial 
staff in all such suggestions, however, must perforce be conditioned by 
various considerations, of which two are outstanding. 

First it is necessary to keep in mind the fact that the readers of the 
JouRNAL do not constitute a strictly homogeneous group. They are 
not all teachers of high-school chemistry nor even of elementary chem- 
istry. For that matter, they are not by any means all teachers. It has 
seemed desirable as a matter of editorial policy to interpret the term 
chemical education rather broadly. Education of any kind is not ex- 
clusively a matter of formal classroom instruction. The ambitious 
graduate in whatever field recognizes the need of continuation education. 
The specialist usually sees the necessity of supplementary education of a 
broadening and orienting nature. The intelligent and educated layman 
of scientific tastes desires to know what progress is being made in the 
sciences—chemistry among them. All these needs the JouRNAL has 
attempted in some measure to meet, in addition to those of the prac- 
ticing teacher and the more advanced student. 

As regards teachers solely, and teachers of elementary chemistry par- 
ticularly, the editorial staff has felt the weight of a second consideration— 
namely, that the JOURNAL should be maintained upon a high professional 
plane rather than conducted at the level of a trade publication. In 
amplification of this statement it may be well to say that it ap- 
pears to us that one of the essential characteristics which distinguish 
the worker of truly professional status is that he desires to know some- 
thing of the background and history of his profession, something of its 
theory and philosophy, something of its social significance, something 
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of its interrelations with other lines of human thought and activity. 

On the other hand, the tradesman and the skilled laborer are usually 
chiefly concerned with immediate results. They want to know ‘how 
to do it,” and they have little patience for non-essential trimmings or 
theoretical discussion. An electrician’s manual will enable the average 
handy man to wire a house, but it constitutes rather deficient mental 
nourishment for the prospective physicist or even for the electrical 
engineer. 

It has been the conviction of the editorial staff that the progressive 
teacher aspires to professional status; that he is not content merely 
with a letter-perfect knowledge of the comparatively limited collection 
of subject matter which he transmits to his students; that he desires to 
build up a background of knowledge and philosophy which he does not 
necessarily use directly in his classroom, but which inevitably reacts 
upon his teaching indirectly. We venture to suggest that the teacher 
who makes use only of those articles which deal with the presentation of 
elementary subject matter has not discovered the full potentialities of the 
JOURNAL. 

These considerations and convictions have guided the editorial staff 
in evolving the present publication and still guide it in attempting to 
make the best possible use of the funds available to it. The staff has 
not arrogated to itself the responsibility of determining what teachers 
ought to want and thereupon deciding to give it to them whether they 
actually do want it or not. It has sincerely tried to discern recognized 
needs and to do what it could toward meeting them. As to whether or 
not its analysis has been accurate and its plan of action, based upon that 
analysis, adequate our readers must, of course, render the final judgment 
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EXTINGUISHING FIRES WITH CHEMICALS* 





ty. 

lly Data are given for the losses of human life and of property in the United 
ow States which are caused by fire. A study is made of the most important 
or chemicals that are being used for extinguishing fires. In connection with these 
ge chemicals, the various types of extinguishers which are employed for the ex- 
tal tinguishment of fires are discussed. 

‘al 

e: A little fire is quickly trodden out; 

I Which, being suffer'd, rivers cannot quench. 

i SHAKESPEARE, Third part of Henry VI, Act IV, Scene VIII. 

te) A Few Figures 

. The majority of people concern themselves very little with fires and 
¥ imagine that most fires take place in factories. However, this is not the 
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LEOPOLD SCHEFLAN, Lonc ISLAND UNIVERSITY, BROOKLYN, NEW YORK 


FIGURE 1.—FIRE EXTINGUISHED AT STOCKHOLM, IN PRESENCE OF THE KING AND 
Court, 27TH OcTOBER, 1792 


case. Factories are generally better protected against fires than are private 
homes. More than 60% of all fires in the United States (costing the people 
over $500,000,000 a year) occur, not in factories, garages, or public build- 
ings, but in the ‘safe’ home. Every “average’’ day of the year we burn 
1127 homes, 10 public buildings (including 5 schools), 5 churches, 15 hotels, 
1 hospital, 4 warehouses, 114 farm buildings, 3 wood-working plants, 5 
metal-working plants, 7 clothing factories, 6 department stores, 2 theaters, 8 


* Presented at the joint intersectional meeting of the American Chemical Society 
and of the American Association for the Advancement of Science at Syracuse, N. Y., 
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public garages, 3 printing plants, 3 drygoods stores, and 6 food and food 
products factories. The most amazing figure is the large number of home 
fires: 1127 homes every day! That means one home fire for each four 
minutes of the day. Approximately 5000 children are killed every year 
in these fires that destroy our homes, while the total yearly loss by fire is 
about 10,000 lives. Ten thousand people every year! This is the popula- 
tion of a city the size of Herkimer, New York. It is an astonishing fact 
that in spite of these tremendous annual losses, relatively few homes, 
factories, and other buildings are properly protected against fires. The 
reason for this paper is to show the importance of choosing carefully the 
proper fire-fighting equipment for a given fire hazard. 


Fire Extinguishers and Chemicals 


Figure | shows a picture of a fire which is being put out by one of the first 
fire extinguishers ever made. The picture was taken from a small booklet 
entitled: “‘Letter addressed to Sir John Sinclair, Bart., President of the 
Board of Agriculture and Improvement. Respecting the Internal Dis- 
covery Lately made in Sweden, of a Method to Extinguish Fire, with an 
Account of the Process adopted for that Purpose; and Hints of means for 
Preserving Timber Used Either in Houses or in Ship Building, from that 
Destructive Element, by Mr. William Knox, Merchant in Gothenburg.” 
This 32-page booklet is ‘‘A treatise on the constituent principles of various 
simple and compound solutions for extinguishing fire; sent to the Royal 
Society of Arts and Sciences at Stockholm, 13, Dec. 1792. By Nils 
Nystrom, Apothecary in Norrkoping. Translated from the original 
Swedish, 13, Nov. 1793.” 

The Swedish inventor recommended the following solutions to be mixed 
with water in the proportions given, and expelled from hand-operated 
engines. 


Simple Solutions 


1. 12kans of the strongest solutions of wood ashes, to 100 kans water. 

2. 8 kans of the finest beat pot ashes, to 100 kans water. 

3. 10 kans of well dried and fine beat kitchen or common salt to 100 
kans water. 

4. 10 kans of well dried and fine beat vitriol or copperas, to 100 kans 
water. 

5. 15 kans of the strongest herring pickle, to 100 kans water. 

6. 12 kans of fine beat alum, to 100 kans water. 

7. 20 kans of well dried, fine beat, and: well sifted clay to 100 kans 
water. 


Compound Solutions 


1. 10 kans of a compound of clay, vitriol, and common salt, say 3'/, 
kans of each, to 100 kans water. 
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FIGURE 2.—EXPERIMENTAL GROUNDS OF A MODERN FIRE EXTINGUISHER PLANT. 
MINIMAX GESELLSCHAFT, NEURUPPIN B./BERLIN, GERMANY 


bo 


12 kans of the strongest solution of wood ashes, and fine clay re- 

duced to a powder, say 6 kans of each, to 100 kans water. 

3. 10 kans of a compound of red ochre, or the residuum of aqua- 
fortis, and common salt, say 5 kans of each, to 100 kans water. 

4. 10 kans of a compound of the strongest herring pickle, and red 

ochre, or the residuum of aquafortis, say 5 kans of each to 10 kans 

water. 


It was back in the prehistoric era that man believed that water could 
be used to extinguish all fires. This is no longer universally true today in 
our complex civilization. Water can still be employed to extinguish many 
fires, but it is worse than useless, even dangerous, to employ it on others. 
That the Swedish inventor, back in 1792, used a number of chemicals other 
than water is shown by his formulas. This was less than 140 years ago. 
In this interval of time a large amount of research has been done in this field. 
New chemicals have been tested and are still being tested for their fire- 
extinguishing power. Only recently, the United States Bureau of Mines 
published a report on the extinction of methane flames by dichloro- 
difluoromethane (1). 

Not only new chemicals but also new types of fire-fighting apparatus have 
been developed during these 140 years. It is obvious that not all of the 
fire-fighting apparatus which is on the market today is of the same quality, 
some of it being rather inefficient. The highest types of fire extinguishers 
made in this country and Canada are approved and regularly inspected by 
either one or both of the following organizations: The Factory Mutual 
Laboratories or the National Board of Fire Underwriters’ Laboratories. 
The Factory Mutual Laboratories were established in 1890 and are under 
the direction of the Associated Faetory Mutual Fire Insurance Companies. 
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The Underwriters’ Laboratories (Incorporated 1901) were established and 
are being maintained by the National Board of Fire Underwriters. 

The approval insignia on the fire extinguishers approved by the Factory 
Mutual Laboratories is a small diamond-shaped mark containing the 
capital letters FM and is stamped on the nameplate of the extinguisher, 
The approval label of the Underwriters’ Laboratories is much larger and 
is rectangular in shape. It is made from embossed or etched brass (Figure 
3). The label gives, first, the heading: Underwriters’ Laboratories, and 
below this heading is the word: ‘“‘Inspected.’’ Then follows a brief state- 
ment describing the type of extinguisher for which this label was issued, 
e. g.. “One Quart Hand Fire Extinguisher,” ‘Fire Extinguisher on Wheels,” 
‘5 Gallon Fire Extinguisher,’ etc. Below this statement the type of fire is 
indicated for which this 
extinguisher is intended 
and also the actual number 
of the extinguishers neces- 
ust anaes: me oman sary. 

aN UM ES 8B It is customary to distin- 
guish between three classes 
of fires: Class A, B, or C. 
According to the Under- 
writers’, ‘‘Class A fires are 
defined as incipient fires on 
which the quenching and 
cooling effects of quantities 
of water are of first impor- 
tance, 7.é., incipient fires in 
ordinary combustible ma- 

r terials, such as wood, pa- 

FIGURE 3.—SOME TYPICAL APPROVAL LABELS OF P é 

THE UNDERWRITERS’ LABORATORIES per, textiles, rubbish, ete. 

Class B fires are defined as 

incipient fires where the blanketing or smothering effects of the extingu'sh 
ing agent are of first importance, 7. e., fires in small quantities of rapidly 
burning material, such as gasoline, oils, or greases in vats or other open 
vessels or on floors. Class C fires are defined as incipient fires in electrical 
equipment where the use of a non-conducting extinguishing medium is of 
great importance.’’ Thus the classification letter A, B, or C indicates the 
type of fire for which any particular extinguisher was designed and is best 
suited. The various types of fires extinguishers differ in their efficiency, 
2. é., extinguishing value. Hence it was found necessary to group together 
one to five appliances as a unit of first-aid fire protection. The actual 
number of extinguishers necessary for such a unit of first-aid hand fire 
protection is indicated by the number 1 to 5 following the classification 
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letter A, B, or C. Both laboratories publish semi-annually a list of 
approved and inspected fire-protection appliances, These lists cover not 
only extinguishers, but all kinds of appliances that deal with fires, e. g., 
electrical alarms, hydrants, sprinklers, waste cans, etc.* 

The various types of fire extinguishers have been especially designed by 
the manufacturers of fire appliances because no one extinguisher is satis- 
factory for all fires, for, contrary to common belief, fires are not all alike. 
One type of extinguisher is excellent for one type of fire but not at all suited 
for another fire risk. Furthermore, it is necessary to make the various 
types of extinguishers in various sizes in order to suit the proper conditions. 

A Class A fire calls for an extinguishing device of the cooling or quenching 
type. This type includes such devices as soda and acid extinguishers, fire 
pails, bucket tanks, etc. Such extinguishers containing water or water 
solution are used where a cooling effect or wetting down is required. 
They cool the burning material (wood, rubbish, fabrics, paper, textiles, 
etc.) below the kindling point. A class B fire (gasoline, oil, grease, etc.) 
requires an extinguisher of the blanketing type’ Such a fire cannot always 
be extinguished with a Class A extinguisher. Should such an extinguisher 
be used, the fire might spread and not be extinguished; the water or 
water solution having a greater density than that of the material, the vapors 
of which are burning, would sink below the level of the liquid and cause it to 
overflow the container and spread. The Class B type extinguishers include 
the foam, carbon tetrachloride, and carbon dioxide types. A Class C fire is 
propagated in electrical equipment, such as panel boards, switch boards, 
household appliances, and electrical equipment in general. Hence the 
attempt should not be made to extinguish it with a chemical that conducts 
the electrical current. Carbon tetrachloride or compressed carbon dioxide 
(from a carbon dioxide cylinder and not from a soda and acid extinguisher) 
should be used. 

It is of the utmost importance that extinguishers of all types should be 
kept filled at all times and recharged at once after use. They should be 
inspected periodically to guard against tampering; they should be dis- 
charged and refilled annually to insure satisfactory operation in an emer- 
gency. 

Water as an Extinguishing Liquid 


There is no mechanical extinguisher built at the present time which 
employs water only as a fire-extinguishing agent, except the one using a 
manually operated pump contained in a receptacle holding water. An- 


* The lists can be obtained free of charge by writing to the following addresses: 
Underwriters’ Laboratories, Inc., 270 East Ohio Street, Chicago, Ill.; 109 Leonard 
Street, New York City; or 615 Commercial Street, San Francisco, Cal. Associated 
Factory Mutual Fire Insurance Companies, 184 High Street, Boston, Mass. 
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other fire-aid appliance which sometimes contains nothing but water is the 
standard fire pail having a capacity of 12 quarts. In many cases, however, 
these pails contain not water only, but an aqueous solution of a chemical 
freezing-point depressant such as calcium chloride; this is also true of the 
above-mentioned pump type extinguisher. Such solutions are used 
wherever the storage temperature falls below the freezing point of water, 
The concentration of solutions using temperature depressants to re- 
duce the freezing point depends on the lowest temperature which may 
be encountered. For instance, a solution containing 7 lb. 6 oz. of 75% 
calcium chloride in two gallons of water has a freezing point of —10°F, 
(—23.33°C.), while a solution containing 10 lb. of 75% calcium chloride 
in the same volume of water freezes at —40°F. (—40°C.). The strength 
of the solution can be checked easily by determining its specific gravity, 
Thus the specific gravity of the first solution mentioned is 1.205, while 
that of the second one is 1.263. The calcium chloride used in making 
up these solutions must be free from magnesium chloride as the latter 
compound promotes corrosion, 

The approved pails are round-bottomed and made of galvanized iron, 
steel, or fiber. They are equipped with a loosely fitting cover. At the 
inception of a fire of the Class A type (wood, paper, textile, rubbish, etc.) 
the contents of the pails are thrown or poured over the whole surface of the 
ignited mass. Thus the quenching and cooling effect of the water, or of the 
anti-freezing solution of calcium chloride in water is utilized. 

Sometimes a number of these pails are nested together in a cylindrical 
steel tank which is filled with water or the anti-freezing solution. The 
capacity of these tanks varies from 22 to 32 gallons. They can be closed 
tightly; hence very little evaporation occurs. 

Of course, water is still used in most sprinklers and fire engines. During 
the last few years a number of pipe-line installations have been put on the 
market which are not equipped with water, but which contain chemicals, 
such as carbon dioxide, foam solutions, or carbon tetrachloride type fire- 
extinguishing liquids. 

Dry Carbon Dioxide 


Gaseous carbon dioxide has a density of 1.53 as compared with air having 
a density of one. As it is quite heavy it tends to displace the air when a 
stream of the gas is directed at the base of a flame. Thus the carbon 
dioxide gas produces a blanketing effect about the fire, shutting out or 
diluting the oxygen supply necessary for the.combustion. The gas has the 
advantage over water of being non-corrosive and of leaving no liquid or 
solid residue, as will water or water solutions. Naturally, it can cause no 
water damage. It is a well-known fact which is painfully realized by fire 
insurance companies that the damage caused by water in extinguishing a 
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fire is often far greater 
than the actual fire dam- 
age. On the other hand, 
the blanketing effect 
which carbon dioxide 
produces is not perma- 
nent but is quickly dissi- 
pated. Therefore, carbon 
dioxide is not efficient 
in extinguishing fires of 
ordinary combustible 
materials, like wood, pa- 
per, etc., and is not 
recommended for this 
purpose. 

In low concentrations 
this gas is not injurious. 
For this reason it is not 
generally classed as a 
poisonous gas. However, 
a number of people have 
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Ged ™ the ht nar si FIGURE 4.—CARBON DIOXIDE FIXED INSTALLATION 
breathing air rich in car- 

bon dioxide in industrial work (2). An atmosphere containing a large 
enough quantity of this gas to extinguish fire cannot sustain human life. 
Consequently, death might result from toxic action. Carbon dioxide has 
the disadvantage of being odorless and consequently gives no warning of 
its presence even when in fatal concentrations. Carbon dioxide will cause 
death in a concentration of about 10 per cent. when breathed for a com- 
paratively short period of time (3). 

The employment of first-aid portable carbon dioxide extinguishers is thus 
limited to a few specific fires. Its use is recommended for two types of 
Class B and C fires only, namely: fires in open tanks of flammable liquids 
such as gasoline, and fires in electrical switchboard rooms of telephone 
exchanges and other places of a similar type. The use of these extinguishers 
is further limited to relatively small fires of the types indicated, because the 
operator of the extinguisher must stand very close to the fire in order to be 
able to extinguish it effectively. Wind conditions seriously affect the 
efficiency of this type of extinguisher. 

In these extinguishers the carbon dioxide is compressed to the liquid 
state under a pressure of 850 Ib. per sq. in. at 70°F. (21.11°C.). The 
pressure, of course, varies with the temperature, this being a two-phase, 
one-component system. The pressure is lowered at —40°F. (—40°C.) to 
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135 Ib. per sq. in. and increases to 1400 lb. per sq. in. at a temperature 
of 140°F. (60°C.). Every approved, portable, first-aid carbon dioxide 
extinguisher is equipped with a safety disk which opens when the tempera- 
ture becomes so high that the pressure is increased to 2400 Ib. per sq. in. 

These carbon-dioxide extinguishers are equipped with either a quick- 
release seated valve or else a special valve that pierces a safety seal. In 
the first case, the gas will be expelled from the 
extinguisher as soon as the quick-release seated 
valve is opened; in the other case, the passage 
of the carbon dioxide through the hand hose 
and the cone nozzle is not possible until the 
safety seal has been punctured by the special 
valve used. 

The portable extinguishers are made in sizes 
varying from 7'/. to 100 lb. of carbon di- 
oxide. Besides these portable extinguishers, 
there are in use permanently piped systems of 
carbon-dioxide cylinders (Figure 4), either 
single or in batteries. Permanently installed 
pipes lead from these systems to specific fire 
hazards such as fur storage vaults, special 
electrical equipment, and places where flam- 
mable liquids are stored and handled. These 
piped systems may be manually or automati- 
cally operated, and mechanically or electri- 
cally controlled. Some of these systems are 
particularly adapted to marine use and are 
built for boats, yachts, sea sleds, cruisers, and 
the like. 

The capacities of the cylinders in these units 
vary from 7'/2 to 50 Ib. of carbon dioxide. Ac- 
cording to the specifications of the U. S. Steam- 
boat Inspection Service, the extinguishers must 
__Ficure 5.—A Sopa-AciD be supplied in duplicate in order that protection 
TyPE EXTINGUISHER OF THE : ; : : 
. oun tides Tie may be maintained after using one set. It is 

also required that in the holds of vessels, suffi- 
cient carbon dioxide must be at hand (in duplicate) to fill the hold witha 
30% mixture of this gas, the boiler room requiring only a 25% mixture of 
carbon dioxide. Naturally, the steel cylinders must be stoutly built to hold 
this gas, and they are consequently very heavy. The relatively great weight 
of the steel cylinders, as well as the size of the apparatus compared to the 
amount of the extinguishing gas contained, offers a drawback to the use of 
this type of extinguisher where space and weight are at a premium. 
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Carbon Dioxide Plus Water 


Water expelled by carbon dioxide under pressure is used to extinguish 
fires. The most common of this type of extinguisher is the so-called 
soda-acid fire extinguisher. The chemicals used are a saturated aqueous 
solution of sodium bicarbonate and commercial sulfuric (66° Baumé) 
or hydrochloric acid. The two reagents, which are kept in separate 
containers within the extinguisher, are brought 
together whenever the extinguisher is to be 
used. These soda-acid extinguishers are par- 
ticularly effective on all types of incipient 
Class A fires in free-burning materials—such as 
wood, rubbish, paper, highly flammable sur- 
face coatings, etc., where the quenching and 
cooling effect of the fire-extinguishing agent is 
of the utmost importance. They should never 
be used for electrical fires, as the electric cur- 
rent will follow the stream of the solution 
which is a conductor and, in cases of high 
voltage, may seriously injure the operator, as 
has happened in the past. Neither should 
they be used for flammable liquids as they 
would merely duplicate the before-mentioned | 
effect of water on such fires. Be oes eee" 

There are mainly two types of soda-acid | 
extinguishers; the loose-stopple type and the 
break-bottle type. 

Every student taking freshman chemistry is 
probably acquainted with the appearance and 
mechanism of a soda-acid extinguisher of the 
loose-stopple type. Figure 5 shows a small 
extinguisher (11/2 to 2'/2 gallons). The larger 
sizes (17 to 80 gallons) are mounted on wheels 
and are either hand-drawn or else motor- 
driven. Some of these larger extinguishers are FicuRE 6.—SMALL Sopa- 

: aes Acip EXTINGUISHER OF THE 
used in factory and warehouse buildings, | oosn-SroppLE TvPr 
others in mill yards and similar places, or in 
village and town fire department service. There are also stationary 
systems in sizes of 100 to 200 gallons. 

The soda-acid extinguishers of thé loose-stopple type consist of two com- 
partments, a small one and a large one (Figure 6). In the small compart- 
ment or bottle cage is an eight-ounce glass bottle fitted with a loose stopple 
and filled up to a mark designated as the acid line with four ounces of 
sulfuric acid. This bottle is suspended in the upper part of the large con- 
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tainer which is filled with a concentrated solution of sodium bicarbonate up 
to the water mark. Upon inversion of the extinguisher, the stopple drops 
down, the acid flows out and reacts with the bicarbonate of soda solution, 
generating carbon dioxide. The large amount of 
gas thus suddenly formed exerts a pressure upon 
the water and expels it with considerable force. 

An efficient extinguisher should eject a stream 
about 40 feet in any one direction. The duration 
of the stream is one minute at 65°F. (18.33°C.), 
and the stream should be neutral to litmus paper. 
These extinguishers should be protected against 
frost as they are not efficient at low temperatures. 
Furthermore, they should be emptied, cleaned, 
and charged every year to guard against deterio- 
ration of the solution. 

Figure 7 shows a European-made soda-acid ex- 
tinguisher of the break-bottle type. This type of 
extinguisher differs from the one shown in Fig- 
ure 5. A sealed glass tube containing hydrochloric 
acid takes the place of the loosely stoppled bottle. 
This glass tube is broken by the insertion of a 
knob (Figure 8) located on the outside of the ex- 
tinguisher. Thus the acid is brought into contact 
with the solution of sodium bicarbonate, liberating 
carbon dioxide. The functioning of the extin- 
guisher is similar to the local product from this 
point. 

Ordinary water, as well as the solution of calcium 
chloride or the solution ejected from a soda-acid 
extinguisher, is useful in extinguishing most or- 
dinary fires, but it is an aid of rather questionable 
value in some instances. The damage done by the 
water in extinguishing a fire is often two or three 
times as great as the damage done by the fire. 
The stream ejected from a soda-acid extinguisher 
will be acid in character if the solution is not prop- 
erly prepared, the acid bottle improperly designed 

Ficure 7.—A Seavep- or improperly filled or the mixing of acid with soda 
ccicins eae ie EX- solution not properly proportioned, and this free 

acid adds its destructive power to that of the water. 
If the extinguisher bears the inspection label of the Underwriters’ Labora- 
tories or that of the Associated Factory Mutual Laboratories, it is evidence 
that the extinguisher and charge sold for it have been tested and found to be 
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safe and satisfactory for use, in which event the stream will be neutral and 


the pressure generated not ex- 
cessive, provided that the ex- 
tinguisher has been charged 
according to instructions. 


Foam as a Fire-Extinguishing 
Agent 


Foam is formed when the 
carbon dioxide, produced by the 
chemical reaction which takes 
place upon the mixing of the 
two solutions contained in the 
foam-type extinguisher, is 
trapped in the form of minute 
bubbles due to the introduction, 
generally in the alkaline solu- 
tion, of a substance designed to 
change the surface tension con- 
ditions of the solutions. The 
two solutions are made up in 
equivalent amounts and con- 
tainedin separate compartments 
within the extinguisher (Figures 
9 and 10), which in outward ap- 
pearance resembles the construc- 
tion of the loose-stopple type 
soda-acid extinguisher. The 
foam ‘‘stabilizer,” as it is some- 
times called, which is the in- 
gredient employed to change the 
surface tension of the solutions, 
is usually dissolved in the alka- 
line or carbonate solution con- 
tained in the outer or larger 
compartment of the extin- 
guisher, while the aqueous acid- 
reacting solution, which is gen- 
erally much smaller in bulk 
than the alkaline solution, is 
contained in the smaller in- 
serted compartment. On in- 








FIGURE 8.—INTERIOR CONSTRUCTION OF THE 
EXTINGUISHER SHOWN IN FIGURE 7 

a. Cone-shaped, lead-coated sheet-iron shell 
containing the aqueous solution of sodium 
bicarbonate 

b. Cap of nickeled brass, air- and water-tight 

c. Lead-coated handle, riveted to shell 

d. Lead coated, perforated metal basket with 
spiral ring at bottom 

e. Acid glass tube resting on spiral ring within 
the basket (d) 

f. Lead-coated ejection tube, attached to inside 
of tank, opposite to handle, and leading to 
nozzle (2) 

g. ‘Screened inlet to ejection tube (f) 

h. Nickeled piston, with plate on each end, 
which breaks acid glass tube (e) when struck 

t. Nickeled brass nozzle with diagonal bore, 
screwed to pointed end of shell (a) 


version of the extinguisher, the solutions react, producing carbon dioxide 
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which results, first, in the development of pressure and, second, in the 
production of foam upon the automatic release of this pressure. 

In this foam the solution forms a very thin film which is extended by the 
bubbles of carbon dioxide, and is maintained for several hours in spite 
of the fluidity and high density of the water. Thus the foam cannot flow 
off the burning surface but remains as a blanket on top of the material. 
Ordinary water drops off an object, particu- 
larly a burning object, in a very short period 
of time; foam, which has a low specific grav- 
ity—0.12-0.15—and hence is lighter than the 
lightest oils, will stay there much longer. 
Due to-its low surface tension, the foam forms 
a light and solid fireproof cover over the burn- 
ing object and excludes the oxygen from it for 
a much longer time than water could possibly 
do. 

Furthermore, the volume of foam formed is 
much larger than the volume of water used in 
producing this foam. To illustrate, the vol- 
ume of water in a 2'/.-gallon soda-acid extin- 
guisher is about the same as the volume of 
water in a 2'/.-gallon foam-type extinguisher. 
The quantity of the product formed by the 
two extinguishers is quite different, however. 
The soda-acid extinguisher ejects only 21/. 
gallons of solution, while the foam-type extin- 
guisher produces about 25 gallons of foam. 
In other words, one gallon of water present in 
the two solutions will release, on mixing, ap- 
proximately ten times its volume or ten gal- 
lons of practically air-tight foam. 

Foam is effective for all types of Class A and 
Class B fires. It is particularly efficient in 
extinguishing burning liquids, such as petro- 
leum, gasoline, benzine, oil, tar, lacquers, car- 
bon disulfide, benzene, turpentine, toluene, 
naphtha, enamel, wax, grease, shellac, etc. It should be on hand at all 
plants in which volatile, combustible liquids are produced or used, such as 
coal distillates, by-products of gas manufacture, benzine used for dry 
cleaning, tar distillates, lubricants, combustible liquids employed for 
vulcanization, and soap and candle manufacture, etc. 

Batteries of foam extinguishers which need not be operated manually 
are sometimes installed for specific fire hazards. At the top there is a 





FiGuRE 9.—A FOAM-TYPE FIRE 
EXTINGUISHER 
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he release which automatically inverts the extinguishers at the outbreak of a 
fire in the place protected. 

1€ Some of the larger types of foam extinguishers 

te (Figure 11) do not contain solutions of the two 

Ww ingredients at all; the chemicals, together with 

IL. the stabilizing agent, are kept in the dry state. 

1- When such an extinguisher or foam generator 

id or accumulator, as it is called, is to be used to 

fa extinguish a fire it is attached to a constant 

le water supply through a hydrant or a pipe 

r. system. The water dissolves the chemicals 

Is and foam production takes place subsequently, 

\- as described before. Foam extinguishers, con- 

Ir taining the two solutions, must be protected 

y against freezing. This is not necessary in the 


case of these accumulators which utilize the 





S dry powder. 








FiGurE 11.—A Foam ACCUMULATOR 














FIGURE 10.—FoaM 
EXTINGUISHER 


Figure 12 shows a tank filled 
with gasoline and oil which has 
caught fire. Figure 13 shows 
the white foam flowing over 
the surface of the oil, excluding 
the air, and pushing the flame 
toward the edge of the tank. 
Figure 14 demonstrates how 
the remainder of the flames 
are suppressed completely by 
the creation of a uniform, 
compact foam blanket. 

An added advantage of the 
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FiGurE 12.—A GASOLINE AND OIL FIRE IN A 30-Fr. DIAMETER TANK AT NEWARK, 
NEW JERSEY, NOVEMBER 5, 1928. THE FirRE Was aT Its HEIGHT 4 MINUTES AFTER 
IGNITION 


foam extinguisher is the fact that the fire cannot re-ignite once it has been 
extinguished. This is due to the fact that the foam remains there, which 
is not true in the case of water or carbon dioxide which remain for only a 
short period of time. 

The principle of the 2'/s-gallon unit is made use of in the extinguisher 
of larger volume through the portable extinguishers of 10 and 40 gallons to 
the large stationary systems used by the oil refineries. 

The writer has consistently refrained, in the description of the foam-type 
extinguishers, from mentioning the specific names of the chemicals employed 
or the concentrations of the solutions used because this always presents a 
temptation to those who possess such extinguishers to endeavor to make 
up their own charges—a practice which is not advised and which has caused 
loss and trouble to both the user and the manufacturer of the extinguisher 
after an attempt to use the extinguisher in an emergency. 

Simple as the chemistry involved may seem, the combination of the 
chemistry and the mechanics of the extinguisher presents difficulties which 
have required extended experimenting and ingenuity to produce a satis- 
factory and efficient extinguisher. It is also advised that the charge de- 
signed to accompany the extinguisher of a certain make be used exclusively 
in that extinguisher if the highest efficiency is to be attained in its use. 


Carbon Tetrachloride as a Fire-Extinguishing Liquid 


Carbon tetrachloride belongs to the class of those rather few organic 
compounds that neither explode nor burn. It is a heavy, colorless liquid, 
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FIGURE 13.—SAME FIRE AS SHOWN IN FIGURE 12, 1 MINUTE, 30 SECONDS AFTER 
Foam Hap STARTED TO FLOW 


has a specific gravity of 1.584, boils at 76°C. (168.8°F.), and freezes at 
—19.5°C. (—3°F.). Carbon tetrachloride is the main constituent of fire- 
fighting liquids such as Pyrene, Fire Gun, Fyr-Fyter, and others. These 
liquids are carefully treated and tested for purity and dryness, and contain, 
in addition, various chemicals which reduce the freezing point to about 
—45°C. (—49°F.). A fire-fighting liquid having a carbon tetrachloride 
base has many of the good points of the extinguishing chemicals already 

















FIGURE 14.—SaME Fire AS ABOVE, CLOSE-UP oF FoAM IMMEDIATELY AFTER EXTIN- 
GUISHMENT. TIME REQUIRED.TO EXTINGUISH: 2 MINUTES, 45 SECONDS 
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mentioned, with other advantages. It is a dry chemical and therefore 

causes no water damage. It extinguishes fires partly by its cooling action 

due to its volatility, whereby the temperature of the burning object is 

lowered (although not as efficiently as when using water) below its ignition 

’ or kindling point; in this respect its action is 
similar to that of water. Furthermore, both 
carbon tetrachloride and dry carbon dioxide ex- 
tinguish fire by virtue of the heavy non-combus- 
tible gas produced, which excludes the air and 
thus extinguishes the flame; carbon tetrachloride 
gas, however, is 3'/. times as heavy as carbon 
dioxide and therefore much more efficient. Tests 
carried out by the U. S. Bureau of Mines have 
shown that carbon tetrachloride vapor has 2.43 
times the fire-extinguishing power of carbon 
dioxide gas (1). 

Another advantage over carbon dioxide is its 
characteristic odor. When dry carbon dioxide 
is used, the toxic concentration of this gas may 
be reached quickly without any warning to the 
operator of the extinguisher. This is not possi- 
ble in the case of carbon tetrachloride which 
would drive the operator away—due to the odor 
of the vapors—long before the toxic concentra- 
tion is reached. 

It should be noted that while small quantities 
of gases deleterious to health may be produced 

bs a from chemicals used for extinguishing fires, there 
Pet. ee is no danger in the application of these mediums 
to fires under ordinary conditions, since there is 
usually sufficient ventilation to dissipate any 
gases that may be formed. No toxic substance is 
known which is poisonous in all concentrations. 
Fumes are not dangerous to health unless present 
in amounts of well-defined limits and breathed 
for a sufficiently long time. The fact that 
Ficure 15.—Carson small amounts of these ‘‘toxic’’ gases may be 
TETRACHLORIDE TyPE Ex- produced from fire-extinguishing agents under 
TINGUISHER : ene 
carefully controlled laboratory conditions has 
given rise to many misleading and erroneous statements in the litera- 
ture. 
Fire itself in certain combustibles will produce such poisonous gases as 
carbon monoxide, hydrogen sulfide, hydrogen cyanide, nitric oxide, and 
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others. These gases may be produced in large quantities and the danger to 
health becomes serious if the fires are not extinguished immediately by the 
use of properly selected fire-extinguishing chemicals. In confined, un- 


ventilated spaces, the atmosphere may become 
toxic from the products of combustion. Fatalities 
are not uncommon from carbon monoxide pro- 
duced from burning material that has not been ex- 
tinguished quickly. 

One of the most important advantages of car- 
bon tetrachloride is the fact that it is a non-con- 
ductor of the electric current and hence can be 
used for electrical fires. It is an insulator having 
a dielectric constant of about 10,000 volts per 
V9". 

To demonstrate the fire-extinguishing property 
of carbon tetrachloride support a burning candle 
or porcelain dish containing burning gasoline in 
atallcylinder. Burn a piece of paper over another 
cylinder and pour some carbon tetrachloride over 
the burning paper. The transparent and colorless 
vapors from the carbon tetrachloride will become 
visible due to the solid smoke particles. Now 
pour the visible cloud into the first cylinder and 
note the extinction of the flame as soon as the 
cloud comes in contact with it. 

The carbon tetrachloride-type fire extinguishers 
vary in size from one pint to two gallons. Figures 
15 and 16 showsmall American-made extinguishers. 
Figure 16 shows a fire extinguisher operated by a 
double-acting, centrally located rotating liquid 
pump. Some extinguishers are operated by air 
pressure built up by several strokes of the pump 
and maintained by pumping. Both types of ex- 
tinguishers have been approved by the Under- 
writers’ Laboratories and bear their label. The 
larger carbon tetrachloride extinguishers operate 
under gas pressure of either air (Figure 17) or 
carbon dioxide. 

There are two one-quart extinguishers es- 
pecially built for airplane protection. The first 





FIGURE 16.—INTERIOR 
CONSTRUCTION OF CARBON 
TETRACHLORIDE-TYPE Ex- 
TINGUISHER WITH CENTRAL 
ROTATING PUMP 


one is known as an air-pressure type extinguisher. It is charged with 
air under a pressure of 100 Ib.; this pressure can be read on the pres- 


sure gage located on the top of the extinguisher. 


The extinguisher 
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consists of two containers. The outer container holds the fire-extip- 
guishing liquid, while the inner container holds the air under pressure, 
By turning a control valve lever outside of the extinguisher, a dual 
control valve inside of the extinguisher is also turned. When this dual 
control valve, which connects the two containers, is thus opened the air 
enters the liquid container, opens the discharge 
valve and thus forces the extinguishing liquid 
out onto the fire under the pressure of 100 Ib, 
The second airplane fire extinguisher is of 
the gas cartridge type; it is smaller, lighter, 
and much simpler in construction. A small 
steel cartridge containing liquid carbon dioxide 
under pressure is located within the extin- 
guisher in a cradle at the mouth of the shell. 
Turning the operating lever of the extinguisher 
punctures this cartridge and opens a discharge 
orifice. The carbon dioxide thus suddenly 
released from the cartridge exerts a pressure 
upon the fire-extinguishing liquid and expels 
it under pressure. It is interesting to note 
in this connection that airplane fire extin- 
guishers of the type shown were used by 
Commander Byrd on his trip to the South 
Pole. Figure 18 shows two gas-cartridge ex- 
tinguishers installed in the “‘Stars and Stripes,” 
a Fairchild Cabin Monoplane of the expedition. 
Many fires occur with motion-picture projec- 
tion machines. The most satisfactory chemical 
that can be used safely to extinguish such 
fires is carbon tetrachloride. An interesting 
adaptation of this chemical to the particular 
conditions accompanying fires in motion-pic- 
ture projection machines has been made. The 
: extinguisher devised, which is of the gas car- 
Ficure 17.—Carpon _ tridge type, is mounted directly on the motion- 
TETRACHLORIDE EXTIN- picture projection machine. At the first flash 
GUISHER OF THE PRESSURE Ree f 
TYPE of flame within the projector, a fuse melts due 
to the action of a special heat primer or flame 
attractor attached to the fuse opening thé cartridge. The carbon dioxide 
expels the liquid under pressure through spray nozzles into no less than 
five different parts of the machine. At the same time, the mechanism 
of the extinguisher shuts off the electric current both on the light and on 
the cut-off switch automatically, thus stopping the motor. 
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FIGURE 18.—CABIN OF THE FAIRCHILD CABIN MONOPLANE OF COMMANDER Byrp’s 
EXPEDITION TO THE SOUTH POLE 


It is highly advisable that all fire extinguishers be charged only with the 
specific chemicals supplied by the maker of the extinguisher. This is 
necessary since impure chemicals often cause corrosion in the interior 
mechanism, or reduce the extinguishing qualities of the apparatus. The 
Underwriters’ Laboratories have made a specific recommendation to 
this effect. 

Other Chemicals and Extinguishers 


It is impossible to discuss in a brief paper all kinds of chemicals and 
extinguishers that are being used at the present time. Most of the im- 
portant ones, however, have been mentioned. When in doubt as to 
whether a particular fire-protection appliance has been accepted by the 
authorities it is only necessary to find out whether it has been approved 
by the organizations already mentioned. There are several types of 
chemicals and extinguishers which have not been approved at all, namely: 
dry-powder extinguishers and extinguishers in glass tubes and glass bottles, 
which commonly come under the nomenclature of hand grenades. The 
Inspection Department of the Associated Factory Mutual Fire Insurance 
Companies makes the following statement with regard to the dry-powder 
type extinguishers: ‘In view of the fact that several so-called fire ex- 
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tinguishers, consisting generally of sheet-metal tubes filled with mixtures 
of bicarbonate of soda and other materials in powder form, have been 
widely advertised, the Inspection Department has to report that, in its 
opinion, all forms of dry-powder fire extinguishers are inferior for general 
use, that attempts to extinguish fires with them may cause delay in the 
use of water and other approved extinguishing agents, and therefore 
their introduction is discouraged.”’ 
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SOME ELEMENTARY LABORATORY PRECAUTIONS AGAINST FIRE 


Prevention is better than cure. Preventive measures fall into two chief classes: 
(1) those designed to avoid the outbreak of fires, and (2) those designed to minimize the 
effects of fires which may break out. 

In the former class obvious details of laboratory technic rank high. Avoid handling 
volatile or combustible chemicals near open flames. Heat volatile or combustible 
liquids only in a bath or on a hot plate—never over a direct flame. In distilling such 
liquids, collect in a stoppered filter flask with a tube leading from the side-arm to hood, 
running drain, or outside air. 

Inspect all student set-ups before they are placed in operation. 

Insist that all active chemicals be disposed of in suitable ways. The waste jar is 
no place for them. 

In the second class, storage of chemicals is highly important. Volatile, combustible, 
and explosive chemicals should be as remote as possible from working spaces or electrical 
equipment where fire might conceivably break out. (Incidentally good light should be 
available so that there is no temptation to strike a match to read labels.) Juxtaposition 
of individually harmless chemicals dangerous in combination should be avoided. 

Fire-fighting apparatus should be conspicuously available and should include foam- 
type equipment. Prominent placards should designate the class of fire for which each 
particular type of apparatus is suitable. In the excitement attending a fire these 
would probably not be read but students will already know their general content and 
may retain sufficient presence of mind to seize the proper one in an emergency. Do not 
use carbon tetrachloride on alkali-metal fires. 

A few sand-buckets constitute an admirable supplement to conventional fire-fighting 
equipment. 

Keep cool! 
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CHEMICAL HAZARDS IN FIRE-FIGHTING 


LIONEL K. ARNOLD, IowA STATE COLLEGE, AMES, IOWA 


The increasing and widespread use of chemicals in common use has intro- 
duced new hazards into fire-fighting. Compressed gases present poison and 
explosion hazards in spite of safety devices which normally afford adequate 
protection against explosions. Acids may cause burns. Various solid and 
liquid chemicals present poison and explosion hazards. Oils and greases 
are dangerous mainly because of explosibility. 


Chemical hazards in the laboratory and the chemical plant are accepted 
more or less as matters of course. To be sure we usually take certain pre- 
cautions to reduce these hazards to a practical minimum. After such pre- 
cautions are taken, we are inclined straightway to forget about the hazards 
until some out-of-the-ordinary combination of conditions comes into exis- 
tence and renders our precautions ineffective, perhaps increasing the hazard 
many times what it would be without any safeguards whatever. One of the 
most common ways for this to occur is in case of a fire. The high tempera- 
tures occurring in a fire of even moderate intensity destroy containers and 
frequently accelerate reactions to a point where they involve serious menace 
to life. 

But the seriousness of these dangers lies mainly in the uncertainty of both 
their nature and occurrence. So general and common have become the use 
of poisonous, explosive, and otherwise dangerous chemicals that the fire 
fighter scarcely knows what to expect in fires of even the most common 
types. Dangerous chemical hazards are likely to occur not only in chemical 
laboratories and plants, but in such places as grocery stores, meat markets, 
drug stores, garages, machine shops, and water works. This wide distribu- 
tion, together with the accompanying diversity of chemical hazards, makes 
it necessary that the fire fighter be well acquainted with the dangers likely 
to be prevalent in various types of occupancies. The available data on the 
behavior of chemicals under fire conditions are far from complete, but 
enough is known to point out certain precautions which need to be observed. 

Of all of the chemical hazards involved in fires, perhaps those presented 
by the gases are as a class the most difficult to handle. Gases are for the 
most part transported and stored under pressure, release from which allows 
their expansion over a considerable area. The common method of ship- 
ment and storage is in heavy steel cylinders (Figure 1) which range in size 
from the so-called “lecture bottles,” only 14 inches long by 2 inches in 
diameter, to the one-ton cylinders of chlorine, 80 inches long and 30 inches 
in diameter. 

These cylinders are so well constructed, inspected, and maintained that 
under ordinary conditions of transportation and use they present a small 
hazard even when filled with the most poisonous or explosive of gases. It is 
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FIGURE 1.—VarIouS Types OF GAS CYLINDERS. LEFT TO RIGHT: ACETYLENE, 
CARBON DrioxIpE, OXYGEN (SIMILAR TO CYLINDERS USED FoR AMMONIA AND CHLO- 
RINE), OXYGEN WITH PROTECTING Cap USED IN SHIPPING, ACETYLENE 


obvious from our well-known gas laws that the pressure of the gas in the 
cylinder varies with the temperature, and that under the high temperatures 
of a fire might become enormous.. In order to provide against this hazard, 
the cylinders are equipped with safety plugs (Figure 2) which melt at 
150°F., allowing the gas to escape. Under many conditions these safety 
plugs are very effective but it frequently happens that in a hot fire the 
increase in pressure because of increasing temperature may be so much 
more rapid than the decrease in pressure brought about by the small 
relief hole that the cylinder will blow up. Even if the cylinder does not 
blow up, the release of the gas into the fire may introduce a serious hazard 
which must be met. 

Aside from the danger of explosion because of rapid heating, the hazards 
of these compressed gases may be those of poisonous and of explosive gases. 
Chlorine, one of the most common of the former, is familiar to all students 
of chemistry as a greenish yellow gas heavier than air. It is commonly 
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FIGURE 2.—FUSIBLE PLUGS IN AN ACETYLENE CYLINDER. THE FUSIBLE PLUGS 
ON THE OXYGEN AND SIMILAR CYLINDERS ARE ON THE SIDE OF THE VALVE Oppo- 
SITE THE DISCHARGE OPENING 


used in considerable quantities in water works, paper mills, swimming 
pools, and many chemical factories. Because of its irritating action on the 
lungs, it is readily detected in the air before it becomes present in quantities 
dangerous for brief exposures. An exposure of a half hour or more is 
dangerous when the gas is present in a quantity detectable by odor. Fires 
involving chlorine are best fought from the windward side above the leak. 
Partially full, leaking cylinders of chlorine remaining after a fire should be 
disposed of as promptly as possible. Cooling the cylinders with water 
reduces the rate of leakage and water upon the leak frequently will freeze 
the leak shut because of the cooling effect of the expanding gas. Leaks may 
sometimes be plugged with a wooden plug which is subsequently wet to 
cause it to swell into place. The chlorine may be absorbed in a lime or 
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caustic soda solution or hauled to 

a suitable dump and released. The 

release of the gas should be care. 

fully handled since the heavy chlo. 
« tine may flow down into hollows or 

follow along a stream, killing any 
animal or vegetable life present. 
All handling of the leaking cylinders 
should be done by persons protected 
by gas masks. In using a gas mask 
in the presence of any poisonous 
chemicals, it must be remembered 
that it is effective only in small con- 
centrations and is of no value in 
air deficient in oxygen. In the 
latter case, an oxygen helmet must 
be used. 

Of course, chlorine is not the only 
poisonous gas in common use. Sulfur 
dioxide, ammonia, and hydrogen 
sulfide present distinct hazards. The 
sulfur dioxide, although available in 
cylinders, is frequently made where 
used. It is employed as a bleaching 
FIGURE 3.—CYLINDERS OF Acarviann agent, in fumigation, and as a refrig- 

AND OxyYGEN UsED FoR WELDING erant in mechanical household refrig- 

erators. Like chlorine, the irritating 
nature of the gas serves as a warning. Leaking cylinders may be disposed 
of much in the same way as chlorine. Ammonia is used mainly in large 
refrigerating units in such places as ice plants, cold storage warehouses, 
ice craam factories, and meat markets. It is sufficiently irritating to warn 
of its presence. Disposal of leaking cylinders is much the same as for 
chlorine except that it should be absorbed in acid rather than alkaline 
solution. Hydrogen sulfide has a characteristic odor of rotten eggs and in 
addition to being poisonous is flammable. It should be absorbed in alkaline 
solution. Other poisonous gases shipped in cylinders include hydrogen 
cyanide, phosgene, and methyl chloride. 

Various explosive gases are shipped in cylinders. Acetylene (Figure 3), 
used mainly for welding, is common in machine shops, metal-working 
factories, and garages. Hydrogen, in addition to chemical uses, is also 
used in welding. Ethylene is used in welding, in medicine, and in ripening 
citrous fruits. Ethyl chloride is used in medicine, as a solvent, and in 
household electric refrigerators. Ethylene dichloride is a light flammable 
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Ficure 4.—A TypicaL Group oF HAzaRpOUS CHEMICALS IN A LABORATORY 


liquid, readily vaporized, and is used in cleaning and fumigating. It is 
commonly shipped in drums. Various gases such as propane and butane 
are sold compressed in cylinders for home-cooking uses. Leaking cylinders 
of flammable gases, the escaping gases from which are quietly burning, are 
best undisturbed where practical until they can be plugged for disposal. 

Several inert gases, such as nitrogen and helium, are in commercial use. 
They may explode from rapid heating but otherwise are not hazardous, 
aiding rather than hindering the work of extinguishing the fire. Oxygen, on 
the other hand, will increase the intensity of the fire. Carbon monoxide, 
usually encountered as a constituent of city gas, is very poisonous and 
explosive. Carbon dioxide aids in extinguishing the fire but in concentra- 
tions above six per cent. is poisonous. 

Various fire hazards are presented by acids and oily liquids. Even 
relatively small bottles of liquid chemicals in laboratories or storerooms 
may present serious hazards since they may be knocked from shelves 
(Figure 4) to the floor and broken by a stream of water from the fire hose, 
thus releasing noxious or explosive gases or making explosive combinations 
of otherwise fairly harmless chemicals. 

The liquid acids shipped and stored in glass bottles and carboys (Figure 5) 
are dangerous to firemen since the containers are readily broken under 
fire conditions, frequently spattering acid and thus causing burns. Sulfuric 
acid is particularly dangerous since it spatters excessively when first wet 
with water. After considerable dilution, this hazard is eliminated. Nitric 
acid in contact with organic matter gives off poisonous nitrous oxide fumes, 
which are also produced by burning nitrocellulose. 

Various oils, greases, and waxes varying from naphthas to the heavy tars, 
introduce fire hazards varying with amounts, volatility, and relative 
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Ficure 5.—Carpoys or Acip. Lert: COMPLETE CARBOY AS SHIPPED. RIGHT: 
Grass BottrLe Wuicu Hops THE ACID 


admixture with air. For example, the mixture of gasoline and air over the 
liquid in storage tanks is too rich in gasoline vapor and too low in air at 
ordinary or elevated temperatures to be explosive. It may actually be 
dangerous to cool the tanks excessively with streams of water, for the 
resulting contraction of the liquid may introduce more air, thus creating 
an explosive mixture. Kerosene and lubricating oils are better kept cool 
so as to keep the percentage of oil in the mixture too low to be explosive. 
Small fires in oily materials are best treated with carbon tetrachloride 
or foam extinguishers. For large storage tanks, special fire-fighting equip- 
ment for applying steam, foam, or carbon dioxide is frequently used. 
Other flammable liquids include ether, carbon disulfide, lacquer solvents 
(such as amyl and butyl acetate), dry cleaners’ solvents, benzol, alcohol 
turpentine, and furfural which decrease in volatility in approximately the 
order given, furfural having a volatility of the same order as kerosene. 
Fires in these materials must be fought in much the same way as the other 
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oils, except that water may be used in alcohol and furfural fires since these 
materials are soluble in water. 

Poisonous liquids include sulfur subchloride, which hydrolyzes to form 
irritating and dangerous acid fumes; mercury, which volatilizes to a 
poisonous vapor, and bromine, which vaporizes to a poisonous, irritating 
gas. 

Certain solids are dangerous in fires. Sodium and potassium, in contact 
with water, evolve hydrogen which explodes, spattering the metal over 
quite an area. Magnesium dust behaves similarly, although not as vio- 
lently. Various oxidizing materials such as the chlorates, perchlorates, 
nitrates, and peroxides cause fire or explosions when heated with organic 
materials. Water may be used on these with the exception of the peroxides 
which are explosive in contact with water. Water should be kept away 
from calcium carbide since it forms acetylene which is explosive. 

Both phosphorus and picric acid should be kept wet down, since the 
former bursts into flame when dry and the latter explodes when in contact 
with metals. Sulfur burns to sulfur dioxide and fire in it may be fought with 
water. 

Explosives in burning buildings must be kept cool with water and burning 
embers kept away. , Fires in bulk gunpowder may be extinguished with 
water which is best sprayed on. Dynamite frequently burns quietly, but if 
the temperature rises above a certain point it will explode. 

The nitrocellulose products such as films and celluloid when burning give 
off poisonous nitrous oxide fumes. Chemical extinguishers are of no value 
on these fires since these materials contain oxygen for their own combustion. 
Drenching with sufficient water to cool below the ignition point is the most 
effective means of fighting nitrocellulose fires. Extreme care must be 
taken to avoid breathing the fumes from burning or decomposing nitro- 
cellulose. 

The fighting of fires involving gas hazards is much simplified if the fire 
department locates the chemical hazards before fires occur. Directors of 
chemical plants, laboratories, and other occupancies involving special 
hazards should coéperate with the local fire departments in checking over 
the hazards and providing for their control in case of fire. Chemicals should 
be so stored that they do not come together in dangerous combinations 
during a fire. Particularly hazardous chemicals, especially in quantities 
large enough to present a real hazard, should be stored in special vaults or 
storerooms. The regulations of the insurance underwriters should be 
considered as the minimum requirements, additional safeguards being 

applied as deemed necessary by local conditions. 
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Frasher’s Photos, Pomona, Calif. 
GOLDEN CANYON, DEATH VALLEY 


Great mounds of alluvial clay, interspersed with gypsum crystals. 




















STUDIES IN THE MINERAL AND CHEMICAL RESOURCES OF 
THE MOJAVE DESERT. II 


ParK Lovejoy TURRILL, GLENDALE JUNIOR COLLEGE, GLENDALE, CALIFORNIA 


Of the 2000 known minerals, 90 per cent. are rare. A very generous per- 
centage of these are to be found in the Mojave Desert Basin in Southeastern 
California and Southern Nevada. Many of the familiar chemicals of com- 
merce and kitchen find their national genesis in this region. Ninety-one per 
cent. of the world’s supply of borax and boric acid come from two deposits 
found here. 


Introduction 


The first article* of this series dealt with some of the chemical depositions 
of the Mojave Desert Basin, which includes most of San Bernardino 
County, and parts of Inyo and Kern Counties, in Southeastern California, 
and portions of Nye and Clark Counties in Nevada. This arid region in- 
cludes the famous Death Valley, also classified as part of the Amargosa 
Drainage Basin, and the Panamint, Searles, Owen’s, Mesquite, Pahrump, 
Indian Wells, and Superior Valley Basins. San Bernardino County (area 
20,175 square miles) is the largest political subdivision of its kind in the 
United States, and could hold most of the States of New England within its 
boundaries. There are eight states of the Union with a smaller area. 


A Land of Distances 


A deputy sheriff of Needles must take a Pullman in order to appear in 
Superior Court in the County Seat at San Bernardino, or expect an all- 
night automobile ride. Yet great distances do not seem to bother denizens 
of the desert, except in so far as they increase costs of transportation of 
ores to market. The Furnace Creek Inn in Death Valley is only two hours 
from Los Angeles by plane, over a regularly established flying route, but is 
310 miles, or eight hours, by automobile. The writer left Glendale, eight 
miles north of the City Hall in Los Angeles, at 6 p.m. and camped at the 
Furnace Creek Ranch that night, eight hours later. Most of the Arrow- 
head Trail from Los Angeles to Baker can be traveled at a consistent mile- 
a-minute speed. From Baker to Death Valley Junction the road is slower, 
however. 

Roads Are Sign-Posted 


The Auto Club of Southern California has completed a notable piece of 
life-saving work in sign-posting all the roads, trails, and water holes of the 
great Mojave Desert. The sting of danger has been removed from desert 
traveling, due to their excellent work. Warning signs proclaim their 
message at all the entrances, telling the tourist about to enter arid regions 

* J. Cuem. Epuc., 9, 1318-39 (Aug., 1932). 
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to tank up completely on 
gas, oil, and water, and to 
provide for all emergencies, 
Mr. Don Doig, manager of 
the Touring Bureau of the 
Auto Club of Southern Cali- 
fornia, and his assistants have 
no doubt saved many lives in 
their educational campaign 
on the necessity of entering 
the desert prepared. In spite 
of this, however, press dis- 
patches occasionally tell of 
stranded, broken-down auto- 
mobiles being found, their 
owners having wandered off 
in a delirium of thirst to lose 
mind and life among mes- 
quite and cholla cactus. Such 
tragedies usually occur in 
summer, however. Motion- 
picture companies of Holly- 
wood use desert settings for 
realistic scenes of such oc- 
currences, as found in the 
scenario. 














The Mojave Desert 


PREPAREDNESS 


Strategically located at the ‘Gates of Hades’’ There are approximately 


these signs throw the burden of responsibility : 
on the traveler should he enter desert portals 2000 known minerals, of 
unprepared. which 90% are rare. A very 


large percentage can be found 
in the Mojave Desert Basin in greater or less abundance. Chemical and 
mineralogical ‘‘finds’’ yield potash, borax, common salt, sodium sulfate, 
sodium carbonate and bicarbonate, gold, silver, lead, zinc, copper, man- 
ganese, platinum, osmium, iridium, palladium, uranium, vanadium, ce- 
ment, asbestos, silica sand, alkaline silicates, gems, granite, sandstone, lime- 
stone, magnesite, gypsum, and other materials used in construction, 
commerce, andthe arts. Epsom salt, alum, lead carbonate, zinc carbonate, 
calcium chloride, barium sulfate, colored oxides of the metals for pigments, 
petrified wood, mineral waters, and filtering clays are other unusual products 
of this highly mineralized region. 
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Transportation 


The building of a network of railroads through the region has greatly 
facilitated mining operations, and, as this is being written, plans are being 
laid by a group of Salt Lake City capitalists to build still another railroad 
from Denver direct to the Los Angeles Harbor. This will traverse an un- 
developed portion of Southern Utah, thence through the desert basins herein 
described, to the coast. Very high-grade ores can be transported by auto 
or truck directly to the smelter or refiner. ‘‘Concentrates,’’ the name given 
to treated, high-percentage mineral masses free from mother rock or ex- 
traneous material, are shipped by railroad. 


Copper 


Copper is found in many scattered parts of the Mojave Desert Basin but, 
in competition with generous deposits of pure copper ores in Montana and 
Arizona, has not found a large place in the sun. Production from the 
region has amounted to not more than $3,000,000. 


Gold and Silver 


One of the chief income producers of the Basin has been the precious 
metals, production from 1894 to 1925 amounting to over $9,000,000 for 
gold and $13,000,000 for silver, according to statistics compiled by the 
California State Mining Bureau for San Bernardino County alone. These 
figures are probably conservative, for the manager of one gold mine in the 
Randsburg Quadrangle, the Yellow Aster, told the writer that his mine 
alone had produced over $9,000,000 up to 1925. This mine is just over 
the line in Kern County, however. The Randsburg district placer workings 
produced up to 1915 over $3,000,000, and are still producing. The in- 
dustrial shut-down of the past two years has driven many men into the 
desert placers, there to earn wages from $3 to $15 per day in dry-washing 
the gulches and plateaus. One mining man, a friend of the writer, has re- 
cently uncovered a platinum-bearing ledge while engaged in this type of 
work. In desert parlance, it is commonly heard from miners that this or 
that mine has ‘‘produced over $5,000,000 in gold and silver.”” One silver 
mine in the Johannesburg area produced over $250,000 in silver per month 
for a period of several years, and was only shut down when the market 
dropped out from under silver values. 

These precious metals have been the objects of a very widespread search 
in the Mojave Desert. Most prospectors have a knowledge only of gold 
and silver ores, and hence do not look for, or overlook, equally valuable 
metalliferous rocks. A very rich deposit of telluride of gold has recently 
been uncovered in Goler’s Gulch north of Randsburg. This Gulch had 
already produced millions in high-grade gold ore. 
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Tungsten 


The period of the Great War markedly stimulated the search for and 
production of tungsten, figures for 1908 to 1918 showing a yield of over 
$10,000,000. Most of this came from the Atolia area, south of Johannes- 
burg, where the high grading of washes and alluvial detritus for tungsten 
“spuds” went feverishly on. The name “spud patch”’ was derived from 
the fact that in tungsten placer ground below Atolia, the tungsten-bearing 
mineral, scheelite (calcium tungstate, CaWO,), was dug from the ground 
in chunks much as potatoes are dug. Masses of CaWO, as large as 100 
Ib. were sometimes obtained [(1), pp. 227-8]. 


Silver 


One ledge, only a few hundred feet from the main road and very close 
to the small town of Osdick (or ‘“‘Inn City,” as it is also known), was fora 
long time thought to be worthless, since the prospectors were looking only 
for gold or tungsten. The two metals were generally found near to each 
other, but not actually associated. Once again the chemist’s test tube 
was brought into the picture, for the ore in the ledge was found to be very 
rich ‘‘horn silver,’ silver chloride, AgCl, or ‘‘cerargyrite.’’ A group of 
men working the claim “‘high-graded’’ the ledge during its initial develop- 
ment, taking out only the silver chloride and sending it to the smelter. 
The deposit was so rich that for a long time mother rock was not cast off, 
and the mine had no dump during the first few months of its development. 
A shaft was sunk, and the vein was found to be both richer and more ex- 
tensive with depth, until it became eighteen feet wide, with large masses of 
almost pure horn silver. ‘“‘Ruby’’ silver, so named because it ‘‘bleeds” 
or turns red when scratched with a knife, was also found. This mine 
paid extensive dividends from grass roots down, and soon began paying 
over a quarter of a million dollars a month. Other mines immediately 
opened up along the vein. The writer experienced a thrill when, in the 
company of a group of students, he descended one of the shafts three years 
ago, going down 1250 feet vertically in an elevator held by a lone cable, at 
a speed of thirty miles per hour! Shaft temperature at this depth was 
above 90°F., although surface readings were around the freezing mark. 
Most of the large mines of the Johannesburg district are electrically lighted 
and have excellent ventilation and drainage systems. The operators are 
very courteous to visiting professors and their students, as are most of the 
desert miners. Hospitality is the rule, not the exception. 

Due to faulting, no surface indications of the rich silver veins are shown, 
except in the case of the discovery ledge. Due to the vagaries of the proc- 
esses of erosion, the discovery ledge was not buried. Otherwise these 
mines would have still remained covered. This same situation has been 
noted in other desert discoveries. 
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Silver production for Can Bernar- 
dino County alone from 1894 to 1925 
amounted to over $13,700,000. Other 
counties in the Rand Mining District 
have yielded twelve millions more, 
and only falling silver prices have 
shut down the mines. The silver 
ore is still there, however, in widely 
scattered areas, and with rising silver 
prices the mines will again teem with 
activity. The California Rand mine 
has been the largest single producer 
in the United States for years, and up 
to 1924 over $10,000,000 had been 
produced [(Z), p. 30]. 


Other Unique Metalliferous 
Discoveries 





Kent S. Knowlton, of Randsburg, 


has true scientific persistence. A Photograph by Richard F. Wilson and 


Homer J. Lockwood 


sample of ore, of high specific gravity, 
was sent by him to the Bureau of 
Mines for investigation and report. 
The word came back that it contained 
no metal of any commercial value. 
Not satisfied, Mr. Knowlton sent a 
sample to Germany, with the result 
that he obtained a similar report. 


A GIANT CRYSTAL OF RASORITE 


Originally 3 feet long, 6 inches wide, 
and 4 inches thick, this massive crystal 
of rasorite (the tetrahydrate of sodium 
tetraborate, Na2B,0;7-4H,0), due to its 
brittle character, has split to two- 
thirds of its initial size. The crystal 
on the left is a split fragment of the 
original. Taken from the Pacific Coast 
Borax Company’s deposit at Rasorite, 
near Kramer. 





Another sample was sent to commer- 

cial chemists of Los Angeles, with the same result. Still not satisfied, and 
feeling that any ore of such high gravity should contain some metal of value, 
he rigged up his own laboratory; obtained some graphite crucibles, borax, 
soda ash, coal, and other fluxing and reducing agents; set up an old 
blacksmith’s bellows for a supply of compressed air, with Utah coal as a 
source of heat. 

Using a cup instead of a graduate, he took 1 pound of the ore broken into 
small chunks, 2 cups of soda ash, 1!/: cups of borax, !/, cup of powdered un- 
slaked lime, !/; cup of powdered blacksmith coal, mixed the ingredients in 
a large graphite crucible, and with the aid of the blacksmith’s bellows and 
powdered coal, heated the batch up to 3000°F. After six months of trying 
out different proportions of fluxing and reducing agents, he finally obtained 
a button of metal. This was so hard it could be struck a tremendous blow 
with a 15-pound sledge hammer.-on a blacksmith’s anvil, without making 
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the slightest mark on the button. Chromium steel razor blades could not 
scratch it. 

After two years of real ‘“‘home-made’’scientific investigation, he had dis- 
covered a metal with remarkable properties which had been classified as 
‘worthless’ by better-trained men. Very proudly he sent samples of the 
buttons to the same people who had previously discarded the mother ore, 
This time the ‘‘chem. lab.” reported that it contained lead, tin, iron, zine, 
titanium, chromium, vanadium, and other metals in varying amounts, 
truly a remarkable mixture. The same alloy is now used for hardening the 
tips of oil-well bits, particularly when a difficult job of boring through hard 
rock is to be done. 

Such will be the “‘prospecting’’ of the future, ore deposits already known 
will be subjected to more rigorous investigations to determine the presence 
of substances of commercial value. Much of this investigative work will 
be chemical in nature. New discoveries of a remarkable nature will no 
doubt be made, similar to the kernite or rasorite ore of the Kramer Dis- 
trict and the immense horn silver depositions of the Osdick-Inn City area. 
These discoveries are due to the vagaries of Dame Fortune, however, as she 
only rarely smiles on the lucky prospector. The rewards reaped by slow, 
patient scientific investigation will be greater, and will in the long run 
yield higher financial returns. We can expect many more unique products 
from this ‘‘chemical storehouse of America.” 


Death Valley 






The fieriest portion of this vast Vulcanian chemical laboratory where 
many of the familiar chemicals of kitchen and medicine chest find their 
origin, is included in the great sump hole.of the North American Continent, 
the lowest spot in the New World, land of history and romance, comedy 
and tragedy, Death Valley, protected through countless eons by defenses 
of heat and desolation stronger than armor plate and chrome steel; defying 
man in his attempts to batter down the barriers guarding it, a veritable 
treasure house of chemical wealth is gradually being opened, its snowy con- 
tents pouring out to all humanity, albeit not without paying toll in men 
and capital. Somewhat reserved, as if aloof to engage in such commer- 
cialism, Mt. Whitney, King of Peaks in continental United States, casually 
looks down upon the scene from his throne of white. 

And little did the starving emigrants of ’49, as they broke trail through 
uncharted desolation, realize the value of the shimmering crystals that 
stretched miles away in all directions, fading into phantom lakes of tantaliz- 
ing hue. Little did they suspect that the infernal chemicals which burned 
their blistered, unclad feet, were then bringing high prices in world mar- 
kets—greater wealth than awaited them at Sacramento’s gold fields. 
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THE GREAT SAND DUNES 


To them it was the anathema of perdition; to them Death Valley and its 
neighboring basins were singled out as a “region of dreadful sands and 
shadows, exhausting phantoms, salty columns, bitter lakes, and wild, 
dreary, sunken desolation—a horrid charnel house, a corner of the earth 
so dreary that it requires an exercise of the strongest faith to believe that 
the great Creator ever smiled upon it as a portion of His work and pro- 
nounced it very good.”’ 

Such are the compliments given the district by William Lewis Manly, 
a '49 survivor, in a very rare old book, published thirty-eight years ago by 
the Pacific Tree and Vine Company, San José, California, and only re- 
cently republished by a Pasadena firm. Nothing is left to the imagination 
in the description given of their sufferings. It constitutes an epic chapter 
in the pioneer history of the Golden State. 

But not forgetting the tragic consequences of their attempts to shortcut 
across these desert ‘“‘wastelands,”’ let us traverse the region eighty-two years 
later, comfortably ensconced in Pullman or motor car, and register in luxuri- 
ous hotels as sunset shadows lengthen. 

Science education of the nation’s folk, and particularly chemical edu- 
cation, has given us an appreciation of the growing need for chemicals in 
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OF DEATH VALLEY 


trade and commerce, and in the home; we boast with great acclaim of our 
tremendous natural resources, but few have any realization of their extent 
and purity. Europe has an abundance of men and some natural resources, 
we have an abundance of natural resources and fewer men to exploit them. 
Hence the mechanization. of industrial America and the invention of labor- 
saving devices. Of necessity we had to build machines to do our work; 
Europe is so overrun with man-power she does not need as many machines 
to get the work done. 

As stated in Part I of this series, this is the only district on earth where 
borax and its companion chemical, boric acid, are produced to any extent, 
91% of the world’s supply coming from two deposits within two hours’ 
motor drive of each other. One huge plant, that of the American Potash 
and Chemicai Corporation at Trona on the shores of Searles Lake produces 
46% of all the borax used in the world, besides 15% of the potash (KCl) 
fertilizer used in the United States on ranch and farm. 

This unique portion of the globe, peculiarly favored by Nature and the 
vagaries of the weather for the deposition of chemicals, is confined in its 
entirety to what is geographically known as the Great Basin, significantly 
described in Webster’s as an “elevated region between the Wasatch and 
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the Sierra Nevada Mountains; 210,000 square miles, no drainage to ocean; 
most of Nevada and parts of Utah, California, Wyoming, and Oregon.” 
Death Valley occupies a prominent position in this arid area. The region 
covered by these studies constitutes a generous portion of the only ‘‘white 
spot” on the Annual Rainfall Chart of the United States. This white spot 
shows average annual precipitation records of less than ten inches. Drain- 
age outlets to the ocean are lacking. 


Death Valley “Salt”? Beds 


The immense “‘salt beds’’ of Death Valley, twenty miles long and averag- 
ing two miles in width, running to an unknown depth, have not been studied 
as thoroughly as the Owens or Searles Lake masses. Test wells have 
been sunk by the Pacific Coast Borax Company as low as 1000 feet, with 
chemical composition of the mass running fairly uniform throughout the 
drilling. A body of chemicals spread over forty square miles, rising only 
to a height of fifty feet, would be a sizable mass! The total weight of 
salt, borax, potash and soda, and impregnated, washed-in sand and mud in 
such a quantity would aggregate well over 1,000,000,000 tons. It is reason- 
able to suppose that the average composition would roughly approximate 
that of Owen’s Lake or the Searles depositions, if Gale’s theory as to the 
disposition of drainage waters is correct. (See Part I of this series, page 
1330.) These Death Valley reserves, as well as those in Mono Lake, 
Columbus Marsh, and other smaller deposits in the area, assure a supply 
of chemicals that is well-nigh inexhaustible. Furthermore, it is not sur- 
prising that the waters of the Amargosa River are highly mineralized, at 
those occasional times during the winter when water flows down its other- 
wise dry bed. At several places during its meandering it contacts regions 
rich in chemical depositions, with surface waters leaching out the substances 
therein. Flood waters that occur after cloudbursts of short duration but 
high intensity further concentrate chemicals that eventually find their way 
to their final resting place in the sump hole of Death Valley. The lowest 
point in Death Valley, which is also the lowest point in continental United 





DESCRIPTIVE CAPTION FOR ILLUSTRATION ON THE OPPOSITE PAGE 


Clipped from the yellow, aging pages of ‘‘Death Valley in ’49,”’ by William Lewis 
Manly, this scene depicts in small measure the trials of the Manly party which sepa- 
rated from the Jayhawkers near the present California-Nevada line, and on entering 
Death Valley proceeded straight down its floor. The Jayhawkers crossed the Valley 
and climbed out of it through Emigrant Wash, passing by the sand dunes. In 1860 
a party from San Francisco found watches, guns, knives, and the skeletons of some of the 
’49’ers half buried in the shifting dunes. The original emigrant train that took the 
“Williams Cut-off,’ instead of going straight through to San Bernardino from Salt Lake 
City, eventually broke up into several disorganized groups, many of whom were com- 
pletely wiped out. Manly states: ‘‘The story of these parties may seem like fairy fablesy 
but to those who experienced it all, the strongest statements come far short of the reality. 
No one could believe how some men, when they are starving, take on the wild aspect of 
savage beasts, and that one couldn’t feel safe in their presence.” 
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Frasher's Photos, Pomona, Calif. 
THE O_Lp HarMony Borax RUINS 


Located two miles north of the Furnace Creek Ranch, and only three miles from the 
Furnace Creek Inn, with its extensive green golf course, swimming pool lined with 
beautifully colored native stone, airplane landing field, and with all the luxuriousness 
of a Broadway hostelry, this spot is a favorite rendezvous for desert tourists. Here it 
was in the early eighties that ‘‘Twenty Mule Team Borax” found its genesis, and from 
which it started on its long 167-mile trip to the steel rails of civilization. The huge old 
boiler was fired with desert brush, a back-breaking job in this land of little vegetation. 
Nearby are mounds of partially purified borax, with shreds of gunny sacking still in 
evidence, after some forty years of weathering. Desert rainfall has not leached out all 
the water-soluble constituents, since it only averages 1.19 inches per year here. 


States, is a sump about three miles east of Bennett’s Wells, where the old 
Eagle Borax Works was located. United States Geological Survey mark- 
ers classify this point as ‘‘296 feet below sea level’ [(1), p. 579]. 

Death Valley and the great drainage basins of which it is a part have 
been given many derogatory names, and true it is that no place on earth, 
with the exception of the polar regions, is so noted for discomfort and peril 
while traveling. This is particularly true during the summer. Only the 
most hardened of old “desert rats’’ should attempt the route during the 
period May to September, for they know its dangers and go prepared for 
them. From September to May, however, the whole region constitutes 
a most delightful tourists’ playground. Service stations, excellent hotels, 
more and better roads are rapidly building up the area. At the present 
time engineering crews are surveying the valley and its environs to deter- 
mine just which 2,000,000 acres shall be set aside for the creation of a new 
National Park, the legal machinery for which has been started by the presi- 
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Frasher’s Photos, Pomona, Calif. 
THe OLp EAGLE BorAX WORKS AT BENNETT’S WELLS IN DEATH VALLEY 


the The wells which furnished water for this ancient chemical plant are named after their 








vith discoverer, of the Bennett-Arcane party of 1849. The mound of chemicals in the fore- 
ness ground consists principally of partially purified borax. The pile is rapidly dwindling, 
e€ it as tourists take souvenirs. The Black Mountains, with Dante’s View as one of the 
rom peaks, in the background. It is said that there are 5000 head of wild burros in the 
old Panamints and contiguous territory. Large herds use Bennett’s Wells as their watering 
ion. ground. 
l in 
all 

dent. The writer takes a justifiable pride in being one of the first to sug- 

gest, in many public lectures, that this area should be preserved for future 
Id generations, and that its scenic beauty be conserved under the protection 
‘k- of the Department of the Interior and the Commissioner of National Parks. 

This district should be termed the ‘“‘Chemical Treasure House of Amer- 

ve ica” for in the mountain fastnesses that wall in these ancient desiccated 
‘h, lake beds, as well as in the lake beds themselves, a wealth reaching into 
ril fabulous figures is stored, waiting for the Nature-conquering hand of man 
he to continue his exploitation, marketing the contents for the uses of hu- 
he manity. 
or No storage vault could have better doors. Even the native inhabitants 
eS of these basins, the Panamint and Shoshone Indians, although acclimated 
s, to desert hardships, shunned Death Valley, and only crossed its ‘‘haunted”’ 
it depths by the shortest and quickest route possible. Peculiar mounds of 
r- stones, laid out in crescents and circles, still mark their trails distinctly. 
w Old prospectors claim the Indians employed this method of trail marking 


in order to ward off evil spirits, and to guarantee them a safe journey. 
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The remains of two ancient borax mills are to be found in Death Valley, 
The old Harmony Borax Works, built in 1880, with its adobe buildings, 
ancient leaching troughs, and rusting machinery, is two miles north of the 
Furnace Creek Ranch, and that of the Eagle Borax Works twenty-four 
miles south. Government geologists prospected for potash in Death Valley 
some twenty years ago (6). They found that the brines underlying the 
Devil's Golf Course, extending to a depth of over 600 feet, contained 
28.42% solids, of which 2.08% was represented in the solid salts or 0.94% 
KCI in the original solution. The Pacific Coast Borax Company explored 
the brine to a depth of over 1000 feet. The general average of the salts 
ran 1.13% KCl. The theory propounded by Hoyt S. Gale is that the 
depositions were probably laid down in the Valley sump hole “due to tem- 
porary shallow submergences and alternate desiccations.’’ The temporary 
shallow submergences are due to cloudbursts of infrequent occurrence and 
of short duration, but terrific intensity, when great masses of detritus are 
washed down from neighboring canyons. These waters leach out soluble 
constituents, leave the boulders on the alluvial fans, and deposit the salts on 
the valley floor after subsequent desiccation by the intense solar energy. 

Similar situations are created at Searles Lake, and the average analysis 
approximates that of the Death Valley brines. For instance, engineering 
estimates show the presence of 8,000,000 tons of potash calculated as KCl 
in the solid crystal mass, with 24,000,000 tons in the brine. The crystal 
body in Searles Lake is sixty-nine feet deep, below which a mass of alluvial 
mud saturated with chemicals of various kind has been deposited. This 
briny mud layer is over 600 feet deep at Searles Lake, and over 1000 feet 
deep in Death Valley. The crystal body at Searles Lake has been esti- 
mated to contain 21,000,000,000 cubic feet of solid chemicals, that at 
Death Valley is probably much larger. There is between 25% and 40% of 
brine in the crystal body at Searles Lake. The first fifteen feet consists of 
sodium chloride, 98-99% pure. 

It is of interest to note here that a chemical deposit cannot be exploited 
by mining methods. There have been many corporation fatalities because 
of this. Chemical engineers must do the job, and probably the reason why 
development work at Trona has been so successful is that the entire opera- 
tion has been under the continuous supervision of graduate, trained chem- 
ists. The development of the immense sulfur deposits of Louisiana failed, 
using mining methods. 

A comparison of the Mojave Basin depositions and that of the Dead Sea 
in Palestine is interesting. Death Valley is the lowest spot in the western 
hemisphere, 296 feet below sea level, whereas the Dead Sea is 1292 feet. 
The Dead Sea contains, according to engineering estimates, six billion tons 
of calcium chloride, two billion tons of potash, calculated as KCl, one billion 
tons of magnesium bromide, eleven billion tons of sodium chloride and 
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Stephen H. Willard, Palm Springs, Calif. 
Sump oF DEATH VALLEY 


we find the lowest spot in 
ding to the United States 


Bap WATERS, THE ALKALINE 


Telescope Peak may be seen in the background. Here 
the western hemisphere, 296 feet below sea level, accor 
Geological Survey. The brines, though heavily impregnated with chemicals, are cred- 
ited with saving a man’s life. He crawled through some twenty miles of this kind of 
territory, keeping his clothes wet with the mother liquor. Enough moisture was ab- 
sorbed through his skin to maintain water balance in the body until he reached the 


Furnace Creek Ranch, more dead than alive. 
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twenty-two billion 
tons of magnesium 
chloride. It has not 
been exploited, how- 
ever, since transpor- 
tation problems are 
not easy to solve, and 
all chemicals pro- 
duced would have to 
be shipped over a 
2500-foot pass in the 


Photo by Richard F Wilson and Homer J. Lockwocd mountains, in order 


Drstrt CeMENT IN THE RAW STATE to get to sea level at 


A giant crystal of calcite (calcium carbonate, CaCO,). the Mediterranean. 
Taken from the quarries of the Southwestern Portland A. Britich-A ‘ 
Cement Company at Victorville, on the San Bernardino- ritish-American 
Barstow line of the Santa Fe and the Union Pacific. One syndicate has studied 
of the largest dynamite charges ever set off in the United 
States was photographed by the writer's motion picture- the problem, how- 
cameraman, Mr. Eugene B. Kille, a year ago, at the Vic- ever, and actual pro- 
torville quarry. Literally and figuratively a whole tacts ke 
mountain was blown to bits. The above fragment was duction may be a 
obtained from the residuum, reality in the near 


future. 
Other Death Valley Resources 


According to reports, about thirty carloads per month of tale are being 
shipped out of the extreme lower end of Death Valley. An outcropping of 
onyx is now being exploited for the construction of gear shift and soda 
fountain balls, desk sets, paper weights, etc., near the very spot in Furnace 
Creek Canyon where, on Christmas day, 1849, William Lewis Manly came 
upon the Reverend Brier of the Jayhawker Party, earnestly expounding 
to his exhausted and starving wife and children the advantages of an early 
education. 

Death Valley is also producing clays for the ceramic industry. The 
large oil companies are using similar clays, in huge quantities for oil refining, 
that find their origin in this region. Normally, about 60 cars per month of 
filtering clay are shipped out of Death Valley Junction to the oil refineries. 
The plant of the Pacific Coast Borax Company at Death Valley Junction, 
originally used for the concentration of lime borate ores, is now used for the 
treatment of Death Valley clays. ‘‘Shoshone grit,’’ an alkaline silicate, is 
being shipped out by the carload for the*west coast soap companies for 
the preparation of kitchen cleansers. Similar deposits of alkaline silicates 
are to be found throughout the length and breadth of the Mojave Basin. 
The writer has used these native desert saponifying agents to clean grease 
off his hands after working on the car. 
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George K. Hollister, Jr., Warner Bros. First National Studios 


CooLinG BINS AT THE VICTORVILLE PLANT OF THE SOUTHWESTERN PORTLAND CEMENT 
CoMPANY 


The foothills from which the limestone and silica are quarried may be seen in the 
background, about nine miles away. The Mojave Northern Railroad branches off 
the main lines of the Santa Fe and the Union Pacific at Victorville, transporting the 


quarried raw materials to the plant. 


Other Non-Metalliferous Depositions 


The Cudahy Packing Company exploits a huge deposit of alkaline sili- 
cates for use as an abrasive in the mixing of their brand of kitchen cleanser. 
This deposit is located in Last Chance Canyon northwest of Randsburg, near 
a petrified forest. A battery of trucks hauls the raw material out to a 
siding on the railroad. The Southern Pacific has a branch line, part of 
which is narrow gage, which extends from Mojave to Hazen, Nevada, 
where it connects with the main line of the Union Pacific from San Fran- 
cisco to Chicago. This desert line taps the heart of the Mojave Basin, with 
its vast stores of chemical and mineral deposits. Another branch line 
swings east from Searles Station to Trona, on the shores of Searles Lake, and 
furnishes railroad transportation for the borax and potash produced there. 
Death Valley depositions are taken care of through the Tonopah and Tide 
Water Railroad, which branches off the main line of the Union Pacific at 
Crucero, and terminates at Beatty, Nevada. Diatomaceous earth is found 
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Frasher’s Photos, Pomona, Calif. 
EROSION PHENOMENA IN DEATH VALLEY 
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near Miller’s Siding 
about thirty miles north 
of Tonopah and another 
large deposit near China 
Lake in the Indian 
Wells Valley. Kaolin 
clay is also deposited in 
the region in various 
places. Gypsum, 
“Bentonite’’ clays, pot- 
ter’s clays, asbestos, 
mica, molybdenum 
pentasulfide and pent- 
oxide, and coal are also 
numbered among the 
items to be found, some 
of which have reached 
commercial production. 
“Tremolite,”’ a paper 
filler, silica sand, for the 
preparation of a pure 
form of quartz glass, red 
oxide of iron, oxides of 
chromium and other 
metals, for pigments, 
are being exploited. 








Frasher’s Photos, Pomona, Calif. 


MINIATURE SALT CRATERS AT PLUTO’S WELLS, DEATH 
Salt VALLEY 


: The one shown here is big enough to drop a dollar into 
Salt is very abundant its yawning depths. A natural example of the familiar 


throughout the entire laboratory phenomenon of “‘crystal creeping,”’ wherein an 
evaporating brine deposits crystals on the edge of the 
length and breadth of dish, piling them up in irregular masses. 


the Basin. To be com- 

mercially profitable, however, it must be located near a source of water and 
close to a railroad. The chief commercial production has been at Saltdale, 
near Garlock, northwest of Randsburg. Other deposits have been worked 
at the edge of Bristol Dry Lake near Amboy, and at the west end of Danby 
Dry Lake. Values have run over three-quarters of a million dollars of this 
essential commodity. The Mojave Desert has become an increasingly im- 
portant source, particularly of ‘“‘native’’ or mineral salt. The Death Valley 
reserves of salt alone will run well over half a billion tons. Mono Lake 
possesses millions of tons more. Rock salt is being produced by the 
California Rock Salt Company at Amboy. Calcium chloride is also pro- 
duced at this playa deposit (5). 
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Gems 


As is to be expected, any highly mineralized region like the Mojave 
Desert Basin should contain minerals of value to the lapidary. The lead- 
ing gem produced, from point of value, has been turquoise, a quantity of 
which has been mined in the Turquoise Mountains about 14 miles east of 
Silver Lake. Opals have been found in a number of places, the most pro- 
ductive of which has been Opal Canyon, between Barstow and Johannes- 
burg. The writer in one afternoon trek of this canyon filled a cigar box 
full of these iridescent stones, all burning with the fires peculiar to this 
type of gem. Agate is particularly abundant. One variety of this stone, 
called ‘‘myrickite’’ after its discoverer, F. M. Myrick of Randsburg, con- 
tains brilliant red striations, said to be cinnabar [(1), p.35]. Rubies are to 
be found in the Rand Mining District, and emeralds and sapphires are 
said to exist. So far as is known diamonds have never been found in the 
Mojave Desert Basin, but have been mined over the line in Arizona. 


Calcium Chloride 


The Mojave Desert is rapidly becoming an important source for the 
calcium chloride used on the Pacific Coast. It is largely employed on 
school grounds for the settling of dust. It is an extremely hygroscopic 
compound, and absorbs large quantities of water from the air. It can 
only be used in semi-arid or arid climates, for excessive rainfall would quickly 
leach it out of the soil. It is found in the natural state in the Mojave Des- 
ert, mixed with magnesium chloride and the chlorides of the alkaline 
earth metals in small amounts. The writer prefers to classify the “‘alkaline 
earth metals” as beryllium, magnesium, calcium, strontium, barium, and 
radium, as noted on German versions of the periodic system, e. g., Professor 
von Antropoff’s of Leipzig. This is contrary to a popular periodic chart 
of this country, namely, that devised and published by H. D. Hubbard of 
the United States Bureau of Standards. Hubbard substitutes beryllium, 
magnesium, zinc, cadmium, and mercury as the main family in Group II, 
placing the alkaline earths in the sub-group: calcium, strontium, barium, 
and radium. 

Calcium chloride is also valuable (due to its hygroscopic properties) 
in curing cement pavements so that they may be opened to traffic in about 
half the time formerly required. Production from the playas of San 
Bernardino County from 1920-25 had exceeded $378,000 [(1), p. 35]. 


Pyrolusite: 


Extensive deposits of manganese in the form of MnO, occur in the 
Owl Holes Mountains, in the southern end of Death Valley. During 
1915 it cost $12 a ton for the transportation of this ore to the Tonopah 
and Tidewater Railroad. Lack of tariff protection on foreign manganese 
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ores shut down the mine, and it probably will not be opened again until 
some protection is given, even though transportation costs today are 
much cheaper, Pyrolusite is at present imported as ballast on ships com. 
ing from other countries, and domestic production has suffered accordingly, 


Iron Ores 


The Mojave Desert Basin holds within its borders immense reserves of 
iron ores of various kinds. ‘The chief bar to commercial production has 
been lack of adequate quantities of reducing agents. Utah coal is too far 
away. ‘There has been much talk of ‘‘white coal’’ (electric power), with 
which the Golden State is abundantly blessed, acting as the chief reducing 
agent in the production of iron from Mojave oxides, but nothing concrete 
has been accomplished in this direction. Considerable scientific research 
must be done on this problem before electrically produced iron and steel 
will furnish a serious competitor of coal-reduced iron. Large reserves of 
iron ore are concentrated near Silver Lake, north of Baker. They are said 
to be controlled by the Colorado Fuel and Iron Company. 


Mineral Waters 


Mineral springs, both hot and cold, are scattered throughout the length 
and breadth of the Mojave Basin. The chief commercial exploitation has 
been at Coso Hot Springs, southeast of Owen’s Lake. This region, locally 
known as the Coso Basin, is volcanic in origin. A variety of waters, hot and 
cold, with a number of medicinal effects, have been developed. Muds for 
bathing, beauty clays, and mineral waters have all been marketed. A 
small resort has been established. ‘‘Coso Mineral Waters’’ have become 
very well known throughout California. ‘‘Coso’”’ is the Indian name for 
bear. The Indians came to Coso Hot Springs for medical treatment long 
before the white man entered the Mojave Basin. The waters, and muds, 
highly impregnated with Epsom salt, Glauber’s salt, and other chemicals, 
are useful, particularly in the treatment of chronic cases of rheumatism, 
or other conditions where faulty uric acid metabolism is pronounced. 
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A BRIEF ACCOUNT OF GLUE AND ITS PLACE IN INDUSTRY 


H. B. SWEATT, NATIONAL ASSOCIATION OF GLUE MANUFACTURERS, NEw YORK City 


Glue is a substance of considerable industrial importance and but slight 
academic interest. In contrast to its analog, gelatin, it 1s not a chemical 
entity but a family of hydrolytic products. It1s made by an extraction process 
from the connective tissue of animals, different sources giving rise to different 
kinds of glue. Its unique ‘‘setting’’ properties are of great technological 
significance. It is the only strong adhesive which changes reversibly from 
solution to jelly at or near room temperature. Although its jellies tend to dry 
out on standing, they can be prevented from doing so, and permanent flexible 
jellies made therefrom have many every-day uses. Glue finds tts way into a 
long list of industries and innumerable articles of commerce. Its widespread 
use is attributable to its powerful adhesive action, its suitability for “‘sizing’’ 
purposes, and its value as a binder, a stiffener, a plastic, an elastic jelly, and a 
protective colloid. 


The man in the street (7. e., the average, none-too-well-informed citizen) 
knows little or nothing about glue. If pressed, he may venture the opinion 
that it is made from horns and hoofs and he is likely to add—this time a 
little more emphatically—that it smells badly. 

Inasmuch as both these statements would assay not more than a tiny 
kernel of truth to a large bulk of falsity, it can be seen that so far as the man 
in the street and his hearers are concerned, the general knowledge of glue 
comes some distance short of being adequate. 

Most people never have taken the trouble to inform themselves about 
glue. They have left it almost entirely to the chemists. -And the chemists, 
in spite of their reputation for being tireless investigators of matter in all its 
forms, have left glue to a few specialists. 

Glue has long been regarded as an object of mystery. It has been 
suspected of not being amenable to natural law—not even to the occasional 
regularities of the somewhat lawless class of colloids to which it belongs. 
Owing to the vagueness and uncertainty which surround it, many mis- 
conceptions have arisen. Some of them are harmless, like the examples 
cited in the first paragraph, but there may be others of greater consequence. 
It is the aim of-this article to furnish a few important basic facts about 
glue, so that the reader will be able to form his own opinion concerning its 
nature and its industrial significance and possibilities. 

The word glue arouses different responses in different individuals. 
Naturally one thinks of the substance with which his experience has made 
him most familiar. Originally there was but one glue—z., animal glue. 
Some authorities, arguing on historical grounds and with the blessing of the 
lexicographers, contend that animal glue is the only adhesive to which the 
term, glue, rightfully belongs. Most people, however, being very much 
1553 
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in the dark as to sources and origins, make no such distinction but with a 
sweeping verbal gesture throw everything in together and designate any 
substance of marked adhesive action as a glue. 

In the confusion which has thus arisen glue suggests to many people a 
certain thick, brown fluid which is displayed in cans and tubes on paint and 
hardware dealers’ shelves. This fluid is a liquid fish glue, and the literature 
states that such products are usually made from the heads, skins, and other 
parts of the cod, haddock, cusk, hake, etc. 

Among the materials, often inaccurately referred to as glues, are mucilage 
and library paste. These are of varying composition. The best of them 
are solutions of gum arabic, dextrin and the like, and they have nothing in 
common with animal glue except a certain parallelism in regard to use. 
Some of the newer preparations for general repair work and household use 
consist of a cellulose ester, a plasticizer, and organic solvents. Such com- 
pounds often go under the name of pyroxylin cement. 

In the industries a variety of starch pastes, casein and other protein 
compounds, rubber, bitumen, etc., are used adhesively. Although many of 
these have interesting applications, the present discussion will be confined 
to animal glue, known also as hot glue and cabinetmaker’s glue, but more 
often as just glue. 


An Early Chemical Industry 


Perhaps few people realize that glue-making is one of the oldest arts. 
From a wall carving in the tomb of Rekhmara in Thebes we learn that the 
Egyptians were familiar with the preparation and use of animal glue about 
3500 years ago. Very few chemical industries can boast of a greater 
antiquity. Glass-making is a very old art; it had origins in both China 
and Egypt. Von Meyer thinks that the discovery of glass in Egypt was 
probably accidental, soda having been added as a flux with sand containing 
gold, for the purpose of extracting the latter. The metallurgy of gold, 
silver, copper, iron, lead, and tin are thought to be older than glue-making. 
The art of pottery is certainly older. The Egyptians knew how to fix dyes 
on cloth by means of mordants, how to calcine lime, how to prepare certain 
medicines and antiseptics, how to make bronze and temper iron. But 
with these few exceptions glue-making seems to have had a longer history 
behind it than any other chemical industry. 

The earliest record of the manufacture of glue in Europe goes back to the 
year 1690, in Holland. The industry was established in England about 
1700. The beginnings of glue manufacture in the United States can be 
traced to the first decade of the nineteenth century. A compilation of 
manufactures taken by the government in 1810 lists seven small glue- 
making establishments. 

The first American glue factories were located in Massachusetts, New 
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York, Pennsylvania, and Maryland. No doubt they sprang up in con- 
nection with the leather industry, which was doing a flourishing $20,000,000 
business in the year 1810. It is conjectured that the early glue factories 
were built in proximity to the tanneries and with the idea of utilizing their 
hide trimmings and other (untanned) leather scrap, which are believed to 
have been so plentiful a by-product as to be almost a burden. 

The industry grew at a rapid rate, keeping pace, no doubt, with the rise 
of furniture manufacture and other woodworking activities. In the decade 
1860-70 the large meat-packing establishments, located for the most part 
in the Middle West, came into prominence. Many of the meat packers 
included within the scope of their enterprise plants for the production of 
glue. Today glue is manufactured from coast to coast. The states 
which have the largest output are Illinois, Massachusetts, Pennsylvania, 
and New York. The value of the plants and equipment devoted to the 
making of glue is estimated at around $50,000,000. 

Glue is not made from horns and hoofs, for these structures contain no 
glue. Horn pith, the inner bony core of the horn, is a source of ossein (see 
below). The hoofs are of absolutely no value to the glue maker. 

The principal raw materials from which glue is made are: hide trim- 
mings, fleshings, pates, ears, tails, sinews, and bones. As might be expected, 
the quality of the glue depends in large measure on the type and condition 
of the material from which it is made. The manufacturer’s success is 
governed largely by his ability to obtain a steady supply of glue stock of a 
uniform good quality. In this respect the American glue men are ex- 
ceptionally fortunate on account of the productivity of the American cattle 
industry, which sends carloads of prime beef cattle to the packing houses 
and shipments of calfskins (which are in great demand by the producers of 
leather and glue) to the tanneries. No other industrial nation is quite so 
favorably situated. 

How Glue Is Made 


Before passing to a description of the interesting properties and uses of 
glue it may be helpful to give a brief account, first, of how it is made. 
In essentials the story is simplicity itself. Yet no glue manufacturer could 
truthfully say that his job is an easy one. The parent substances of glue 
are collagen (which is present in animal skins) and ossein (which is present 
in bones). Collagen yields hide glue, ossein yields bone glue. Since the 
glues from these two sources are somewhat different, it will be best to 
discuss them separately. 

Take hide glue first. The starting point is pieces of skin which have 
been trimmed off the hide on account of unsuitability as regards size, 
shape, or texture for conversion into leather. The skin pieces are sub- 
jected to a long preliminary treatment with lime, the purpose of which 
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is to remove the hair, dissolve out certain constituents which are not 
wanted, and cause the collagen to swell. The reaction by which collagen is 
transformed into glue is a hydrolysis. Since one of the main requirements 
of a hydrolytic process is water, and since it is obvious that the water and 
collagen should be intimately mixed, a swelling treatment is the logical first 
step in the process. Secondly, the swollen skins are steeped in hot water. 
The conversion of collagen into glue now takes place and the reaction 
products, being quite soluble in hot water, pass out of the skins into the 
medium that bathes them. The resulting solution (called glue liquor) is 
filtered and then run into vacuum pans, where it is concentrated. 

From here it is sprinkled onto an endless rubber belt, chilled to a jelly, 
cut to convenient size, and spread out on wire nettings which are supported 
on frames. The frames bearing the jelly are then placed in a drying 
tunnel, through which they pass slowly, giving up their moisture to a 
counter-current of dry air. What were originally slices of jelly come out 
of the tunnel as plates of dried glue. These are cracked up into small pieces 
having an area of a couple of square inches. In this case flake glue is the 
proper name for them. But if the material is crushed to particles that will 
pass through an 8-mesh screen or thereabouts, it is designated as ground 
glue. 

For the making of bone glue there are two alternative processes. In 
choosing between them the manufacturer is governed somewhat by the 
condition in which the stock is received. Both, however, are based on the 
fact that bony structures consist of mineral matter (mainly calcium phos- 
phate) and ossein, intermingled with minor constituents of no value. In 
the first, or ossein, process the aim is to eliminate the mineral matter and 
leave a tough, porous residue which is mainly ossein. This is accomplished 
by digesting the bones with dilute hydrochloric acid. The ossein which is 
obtained in this way can then be swollen, steeped in hot water, evaporated, 
chilled, dried, and finished, just as in the hide glue process. 

In the alternative bone glue process the glue is simply extracted by heat- 
ing, in somewhat the same way as the housewife extracts the nutriment in 
making soup from meat bones. The manufacturer crushes and washes the 
bones. Then he frees them from grease, first by a brief preliminary boil- 
ing, and later, in some cases, by extraction with an organic solvent such as 
benzine. After that the glue is dissolved out by treating the grease-free 
bones with hot water. The glue liquor then goes to the vacuum pans, 
and from that point on this process is the same as the other two. 


A Substance of Unique Properties 


Let us now assume that we have some flakes of glue before us in order 
that we may observe some of their properties. The flakes are irregularly 
shaped flat pieces, usually about '/3. to '/s inch thick. Their color ranges 
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from light tan to dark brown. In some cases they are almost transparent, 
but more often they are merely translucent. 

Glue is hard and very tough. Some flakes are so tough that they can be 
bent almost double without breaking; this is especially true of thin flakes of 
high-grade glue. A few glues are brittle. Brittleness is not necessarily a 
sign of poor quality; moisture content has an important effect on elasticity. 
When the moisture content is high, all glue flakes are flexible. But if the 
flakes are dried completely, as in an oven, they will be rather brittle. 

The mechanical properties of animal glue are remarkable. When it is 
cast in the form of thin flat films and tested at a moisture content of, say, 
13 per cent., the films give a strength value which indicates that a bundle of 
them having a cross-sectional area of one square inch would withstand a 
tensile load of about 20,000 pounds, which is not far from the tensile 
strength of cast iron. Because large masses of glue jelly warp badly and 
set up internal stresses on drying, a strength of 20,000 pounds probably 
could not be realized in one-inch bars. Since in use glue ordinarily reduces 
to a film and never occurs in large masses in manufactured articles, there is 
nothing fictitious about the value given. Strength of this magnitude is 
exhibited only by the better glues. The strength of the less select glues is 
not so high but is still considerable, being in the neighborhood of 12,000 to 
15,000 pounds at normal moisture content. When a glue of any grade is 
moistened its tensile strength takes a decided drop. 

Glue behaves in a most interesting way when immersed in water. In hot 
water it dissolves very slowly and without much swelling. In cold water, 
however, it swells, absorbing ten (or more) times its weight of water. 
The colder the water, the greater the swelling. Swollen glue is very pliable 
but it retains its original shape. Some jellies containing as little as 5 per 
cent. of dry substance show an appreciable rigidity. Rather curiously, 
the volume of a glue jelly is smaller than the sum of the volumes of the dry 
glue and water. In other words, there has been a contraction in total 
volume. A small amount of heat is liberated at the time of swelling. This 
explains, in accordance with the principle of Le Chatelier, why low tempera- 
tures favor and high temperatures oppose the absorption of water by glue. 

When a glue jelly is heated to, say, 40 degrees C., it melts to a slow- 
running liquid. Glue solutions exhibit the property of viscosity (the 
reverse of fluidity) toa marked degree. If the solution is allowed to cool to 
20 to 35 degrees, it will form a jelly again. The alternate melting and 
jellying of glue can be repeated indefinitely; it is a reversible process. 
This reversibility distinguishes it from egg albumin, which when once a 
jelly remains a jelly. If a glue jelly is allowed to stand exposed to dry air, 
it will gradually lose water and return to the solid state. 

When a glue has been soaked and melted in the proper manner it is ca- 
pable of acting as a powerful adhesive. The adhesiveness of animal glue 
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is a great puzzle to the scientific investigator, but the practical man has no 
difficulty in taking advantage of it. He simply spreads a coating of the hot 
solution on the blocks of wood or other objects which he wishes to unite, 
presses the moistened surfaces together and holds them in contact until the 
enclosed glue film has cooled to a jelly. From that point on there is nothing 
to do except wait until the water has evaporated from the film. The 
strength of the joint does not reach its maximum until the moisture content 
of the glue has fallen to a normal value of about 10 to 12 per cent. Gluing 
is simply the process of transferring solid glue to the spot where it is needed, 
using water as the vehicle. 

As yet there has been no explanation of the adhesive properties of animal 
glue that would fit all the facts and satisfy all the investigators. A 
stumbling block to all attempts to formulate an acceptable theory is the 
fact that animal glue adheres strongly to a great variety of objects, such as 
wood, compressed wood fiber, glass, sand, leather, rubber, etc. It does not 
adhere well to oily surfaces, especially oily metals. The only helpful 
generalization which can be offered at this time is that glue will adhere 
well to those surfaces which its solutions are able to wet. 


The Characteristics of Glue Jelly 


As stated above, glue jellies tend to lose their water and return to the dry 
state. Often permanent jellies are sought by those who need a flexible, 
rubbery composition. As a rule, it is not feasible to prevent the water 
from escaping, but the same objective is attained by adding a liquid that 
does not evaporate readily. There are several such liquids. Glycerin is 
the one which is most commonly used. Recently diethylene glycol has 
been proposed as a substitute. Glue jellies containing glycerin or the 
like are used wherever a flexible composition or a flexible adhesive is re- 
quired. Bookbinders use large quantities of flexible glue. It finds further 
application in printers’ rollers, hectograph plates, and sandblaster’s 
stencils; also in the manufacture of pads and paper boxes. 

The ability of animal glue solutions to go into a jelly on cooling is one of 
their most unusual characteristics. It is easy enough to destroy this 
property, should one wish to do so. Various chemicals have the power to 
annul the gelatinizing ability of animal glue. By adding acids or certain 
salts or other compounds it is possible to prepare a glue solution that will 
not form a jelly at any ordinary temperature. Such solutions are, in 
effect, liquid glues and are not unknown in commerce. 

Glue is an exceedingly reactive substafice, especially when in solution. 
Even water reacts with it at high temperature. In fact, water and heat are 
able to destroy the gelatinizing ability of glue just as surely, though not as 
spectacularly, as acids. Ifa glue solution is heated for a long time at a high 
temperature, it will suffer a serious decline not only in gelatinizing power 
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but in viscosity. The change is due to a hydrolysis, which results in a 
breaking down of the molecules into smaller molecules. An impairment in 
quality and adhesiveness accompanies this molecular breakdown. It is 
important to both the maker and the user of glue that severe heating should 
be avoided. The manufacturer is well aware of this and he takes such 
precautions as he can, but the user is often deceived, because the thickening 
of the solution by evaporation masks its decline in real quality. 

The susceptibility of glue to the effect of moisture and humidity has 
already been mentioned. Sometimes this is felt to be a drawback. Ani- 
mal glue can be treated in such a way as to increase its moisture resistance. 
The means which are used suggest the process of tanning; indeed, the 
chemicals most often employed are tanning agents in a broad sense. 
Chromates and dichromates are always named among the waterproofing 
agents, but their applicability is so limited that it is difficult to see why they 
are recommended. Formaldehyde is more suitable, although its action is 
too rapid for most purposes. Apparently the best compound to use is para- 
formaldehyde. This liberates formaldehyde quite slowly if the tempera- 
ture is kept low. The following formula was proposed by the Forest Prod- 
ucts Laboratory a few years ago: animal glue, 100; water, 225; oxalic acid, 
5.5; paraformaldehyde, 10. If the temperature is not allowed to go above 
120 degrees this glue should last about eight hours. Formaldehyde-tanned 
glues swell slightly in water, but they cannot be liquefied by heating. 

This place is as good as any to correct the impression that glue must of 
necessity smell badly. Animal glues as a class do not have an objectionable 
odor. Ifa glue room really is malodorous, it is almost a sure sign that the 
operator has allowed putrefaction to set in. Every one who uses glue 
should realize that it is an excellent medium on which to grow bacteria. 
Moisture, warmth, and long standing are all that is needed to ensure 
bacterial decomposition. A clean, well-kept glue room is not only more 
pleasant but more efficient, because decomposing glue is always weak glue. 

A fresh, hot hide-glue solution is as nearly odorless as any one could wish. 
Many bone glues have an odor like that of soup—which is only natural, 
considering how they are made. Only a small percentage of the domestic 
animal glues have a pronounced odor of any kind. 


The Place of Glue in Industry 


The uses of animal glue are numerous and varied. It plays an important 
part in the manufacture of furniture and woodwork. The wooden frame- 
work of automobile bodies is usually joined with animal glue. It has 
properties which commend it to the maker of fine veneered work. Wooden 
airplane propellers are laminated boards made one by animal glue. It is 
part of the composition on match heads; it also holds the head on to the 
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stick. As indicated above, it is in great demand among bookbinders, 
printers, and box and carton makers. It is used for ‘‘sizing’’ purposes in 
many fields, especially in the various textile and paper industries. The 
stiffness of fiber reed furniture is attributable to the glue with which the 
paper tubing (the so-called reeds) is impregnated and coated. Sandpaper 
and emery cloth depend on animal glue to hold the abrasive grains in place 
in spite of the rough usage to which they are subjected. 

Certain kinds of abrasive wheels are built up with animal glue. Glue is 
often blended with rubber. It might surprise you to know that auto- 
mobile tires sometimes contain animal glue. Various composition and 
molded articles, such as furniture ornaments, dolls’ heads, billiard balls, and 
cork bottle caps utilize glue as a binder. It is the chief ingredient of some 
of the best leather belt cements and other special adhesives. There is glue 
in some plastic paints. It is in demand for plastering, wall-sizing, and 
calcimining. Gummed tape owes its stickiness to animal glue and a 
softener. Its affinity for glass makes it useful as a roughening agent in the 
manufacture of frosted glass. Animal glue is sometimes added to electro- 
plating solutions, as it-has been found that it tends to prevent crystalliza- 
tion, thereby aiding in the formation of a smooth coating of metal. 

Because it is a powerful adhesive, an indispensable ‘‘sizing’’ agent, a good 
binder and filler, a plastic, and a source of flexible jellies, animal glue has 
gained a widespread commercial importance. Its broad range of proper- 
ties makes it a factor in the production of commodities which touch our 
lives at innumerable points. It serves as a bridge between agriculture and 
industry. It provides an additional outlet for a product of the farm and 
cattle range, and it enables many a manufacturer to turn out a superior 
kind of merchandise. 

Industrial research on glue has always been fairly active. The principal 
problems on which interest appears to center today are: manufacturing 
improvements, especially a continued search for methods of obtaining 
maximum yields with minimum hydrolysis and “‘de-grade,’”’ and for new 
methods of finishing off glue liquors without going through the tedious 
processes of chilling and tunnel drying. 

In the field of utilization glue chemists are at work on: warp correction 
(i. e., the preparation of flexible glues that will impart no twist or wrinkle to 
flimsy surfaces); waterproofing; the control of foaminess; and the appli- 
cation of glues by new methods, such as spraying. A new development 
which seems to be needed is a means of preparing a colloidal suspension of 
glue in non-aqueous solvents. At preserit the adhesive action of glue is 
manifested only toward surfaces which its solutions (in water) will wet. If 
a way could be found for getting animal glue to act from acetone solution, 
for example, it would probably adhere to surfaces from which it is now 
repelled. 
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A NEW ERA IN SYNTHETIC ORGANIC CHEMISTRY 


E. Emmet Rei, THE JOHNS Hopkins UNIVERSITY, BALTIMORE, MARYLAND 


Few realize the magnitude and far-reaching importance of developments 
that have come about in organic chemistry within the last few years. 
Even those who have been factors in bringing about these changes have 
probably been too busy, each with a particular problem, to discern the 
whole advance, or to be conscious of taking part in a general movement. 
In fact, things are happening so fast in organic chemistry that no one person 
could keep up with all of them were he to travel by airplane and spend all 
his time visiting laboratories and plants. Unfortunately, such a person 
would find many rooms closed in some of the laboratories since many of the 
discoveries are private property and financial returns must be safeguarded 
before information is allowed to leak out. 

We have recently celebrated the centenary of Wohler’s famous synthesis 
of urea, which is usually spoken of as the beginning of synthetic organic 
chemistry, but significant as his discovery was, its interest was academic 
only; now urea is manufactured. The textbooks used to tell us that 
methane is formed when a mixture of carbon disulfide and hydrogen sulfide 
is passed over hot copper; now only a slight cost differential prevents 
cities from being supplied with methane manufactured catalytically from 
carbon monoxide and hydrogen. We have been accustomed to apply the 
term synthetic to compounds produced by chemical reactions from other 
compounds almost as complex; we speak of synthetic camphor and 
synthetic methyl salicylate, the one from pinene and the other from phenol. 
To make the synthetic dyes which were the talk of the world during the 
late war, ready-made molecules of benzene, naphthalene, and anthracene 
are put through certain reactions and coupled together into complexes in 
which the carbon skeletons of these units remain intact. The synthesis 
of the simple sugars by Emil Fischer has been heralded as a triumph, and 
rightly so, but what he did was to make a small specimen of one hexose 
from formaldehyde and identify this with a sugar from which other sugars 
could be made. 

Of late, synthetic has taken on a new meaning. Now when we say 
synthetic we mean synthetic in the fullest sense, made from the elements or 
from their simplest compounds, not just a few grams in the laboratory as a 
scientific achievement but tons in the plant as a commercial operation. 
Isolated cases of this have been known before, such as acetylene from cal- 
cium carbide derived from coke and lime, but now total syntheses are 
common. So radical have been the developments that we may call this a 
new era in synthetic organic chemistry. 

An era usually begins, like the dawning of a day; no one knows just where 
or when. No attempt will be made to date the beginning of this era but it 
may be said to have come into prominence with the synthesis of methanol 
1561 
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by Patart. This synthesis is peculiarly typical of the new era in that its 
achievement required not only organic chemistry but also a knowledge of 
thermodynamics and of catalysis and the codperation of the engineer in 
designing very special equipment. The organic chemist no longer confines 
himself to what used to be considered organic chemistry but makes the 
utmost use of physical chemistry, thermodynamics, catalysis, and any other 
kind of knowledge which may further his ends. New alloys and structural 
materials have removed many limitations in equipment. The ammonia 
synthesis led the way to the use of undreamed-of pressures; the autoclave 
that would stand one or two hundred pounds to the square inch has been 
replaced by apparatus good for three hundred or even a thousand atmos- 
pheres. Advances in the theory and practice of distillation and the 
development of thermostatic control have been of great assistance. Of 
even greater importance than the improved equipment is the mental 
enlargement that the organic chemist has attained. The successes that have 
been achieved have stimulated the imagination of many so that all sorts 
of syntheses are being attempted. The general method of attack is that used 
by Patart in the case of methanol. He studied the desired reaction thermo- 
dynamically to find whether it should take place. The heat of combustion 
of a gram mole of methanol is less by 32,100 cal. than the sum of the heats 
of combustion of the carbon monoxide and hydrogen required to make it: 


CO i 2H, —> CH.O + 32,100 cal. 
67,000 136,000 170,000 


This shows that the reaction should go in the right direction if it can be 
made to go at all. Since in this reaction three molecules are condensed 
into one, high pressure will be of assistance. As carbon monoxide and 
hydrogen do not unite spontaneously a catalyst had to be found. Follow- 
ing the principle that a catalyst that will make a reaction go in one direction 
will aid it also in the other, Patart studied the decomposition of methanol 
vapor over all sorts of substances until he found that certain zinc compounds 
would split it into carbon monoxide and hydrogen. This gave him the 
clue which led him to efficient catalysts and to the realization of the 
synthesis. 

In this new era organic chemistry has gone aliphatic. According to 
Talbot and Watson [Ind. Eng. Chem., 21, 8 (1929)] the production of 
aliphatic chemicals increased thirteen-fold in seven years, from 21,500,000 
pounds in 1929 to 281,000,000 in 1927. Industrial and Engineering Chem- 
istry for 1930 contained about 20 articlés on aromatics to 109 on non- 
aromatics. Among these were 22 on hydrocarbons and petroleum, 7 on 
sugars, 18 on rubber, 13 on cellulose, 9 on mercaptans, 6 on methanol, and 4 
on higher alcohols. In the same year the Journal of the American Chemical 
Society published more than twice as many articles on aromatics as on 
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aliphatics, showing that our universities are conservative. The third 


be edition of Beilstein devotes 2444 pages to aliphatic compounds and 5192 
in to aromatic. 

nes In this new era of organic chemistry, acetylene occupies the central 

‘he position somewhat as benzene did in the old era. As mentioned above, 

ier acetyelne has long been made synthetically, starting with coke and lime, 

ral but until recently it has been only a concentrated fuel producing brilliant 

Lia light or an intensely hot flame. Now it is a most important starting point 

ve for syntheses. 

en Acetylene under the influence of a catalyst adds water to give acet- 

\s- aldehyde: 

be HC : CH + H.0 —» CH;CHO 

Of This acetaldehyde is oxidized to acetic acid or is polymerized to ethyl ace- 
al tate, paraldehyde, or aldol: 

fe 2CH;CHO —> CH;COOC;Hs 

ts 3CH;CHO —> CsHi20; 

d 2CH;CHO —»> CH;CH(OH)CH,CHO —»> CH;CH:CH-CHO + H:0 

. By dehydration, this aldol gives crotonaldehyde which in turn is hydro- 
. genated catalytically to butyl alcohol: 

‘ CH;CH:CHCHO + 2H; —> CH;CH:CH,CH,0H 





It is hard to see how all of this can be done economically enough to make a ' 

cheap product but Germany has been selling the resulting butyl alcohol, 

duty paid, in New York in competition with n-butyl alcohol by fermenta- 

tion. a 
More intense polymerization of acetaldehyde gives resins which may be 

used as shellac substitutes. 
In the presence of catalysts acetylene unites with either one or two 

molecules of acetic acid to give vinyl acetate or ethylidene acetate: 


HC : CH + HOCOCH; —> H.C: CHOCOCH; 
HC : CH + 2HOCOCH; —»> H;C-CH(OCOCH;)s 


The vinyl acetate polymerizes to a beautiful light-colored resin which is of 
much interest. The ethylidene acetate splits into acetaldehyde and 
acetanhydride: 


H;C-CH(OCOCHs3)2 —> H;C-CHO + O(COCHs)2 


This acetanhydride is valuable for many purposes. The by-product 
acetaldehyde is oxidized to acetic acid, which is made to react with more 


acetylene. 
Acetylene combines with chlorine to form acetylene tetrachloride from 


which other chlorine compounds are manufactured: 





CHCl-CHClk —»> CHCI:CCk —» CHCLCCl —» CCk:CCl —» CCls- CCls 
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All of these except the last, which is a solid, are useful as solvents. 
Under certain conditions two molecules of acetylene unite to give vinyl- 
acetylene: 
2HC : CH —> HC: C-CH:CH, 
This highly unsaturated compound takes up hydrochloric acid to give 2- 
chlorobutadiene: 


HC: C-CH:CH: + HCl —> H2C:CCI-CH: CH: 


This polymerizes to a rubber-like material which has lately been in the lime- 
light under the name of ‘‘Du Prene.’’ Three molecules of acetylene com- 
bine to give divinylacetylene: 


3HC : CH —> CH,:C-HC : C-CH:CH: 


This is further polymerized into “synthetic drying oil’’ which resembles lin- 
seed oil. 

Genetically related to acetylene is cyanamide, as calcium carbide is the 
starting point for both. Nitrogen unites with calcium carbide to give 
calcium cyanamide from which cyanamide is set free by acids. 


CaC, + No —> CaCN, —_—> H.N-CN 


The calcium cyanamide or “‘lime-nitrogen’’ is a valuable fertilizer. The 
cyanamide combines with water to give urea: 


H:N:CN + OH, —> H.N-CO-NH: 


Urea is also made from ammonia and carbon dioxide. 

Ethylene, which is next to acetylene in structure, is also the starting 
point for a large group of important products. It is produced by cracking 
natural-gas propane or is separated from the gases from the regular cracking 
stills. 

Ethylene combines with chlorine to give ethylene chloride. The four 
Dutch chemists who were delighted to see a few drops of this compound 
never dreamed of its being shipped in 8000-gallon tank cars as it is today. 
On account of its high solvent power for fats and waxes, its low inflamma- 
bility, its stability, and its cheapness it has become a valuable product. 

From ethylene chloride hydrochloric acid is abstracted, leaving vinyl 


chloride: 
CH,Cl-CH,Cl —» CH,:CHCl 


This, though a gas at ordinary temperatures, polymerizes readily to a resin 
which has become of importance especially in mixtures with poly-vinyl 
acetate. 


Ethylene takes up hypochlorous acid with great ease to form ethylene 
chlorhydrin: 


CH,:CH2 + COC] —»> CH:Cl-CH,0H 
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This substance and ethylene oxide, which is made from it, are most im- 
portant intermediates from which glycol and its monoethers, the “‘cello- 
solves,” ‘‘carbitol,’’ the ethanol-amines, dioxan, and many other useful 
compounds are prepared. 

The Germans made ‘‘mustard gas’ from ethylene chlorhydrin in two 


steps: 
2HOCH2CH.CI + NasS —»> S(CH:CH:0H)2 + 2NaCl 
S(CH:CH20OH)2 + 2HCl —> S(CH2CH:Cl)2 + 2H2O 


These reactions are clean-cut and the pure product is readily obtained 
The Americans and English got it by reacting ethylene with sulfur mono- 
chloride: 

2CH2CH:2 + S&:Ck —» S(CH2CH2Cl)2 + S 
This reaction which is carried out in several different ways is more direct 
and cheaper but yields a less pure product. 

Recently alcohol manufactured from ethylene through ethyl-sulfuric 
acid has come on the market in quantity and bids fair to compete with 
alcohol produced by fermentation. 

Propylene and butylene from the cracking still gases are combined with 
water in the same way to produce isopropyl alcohol (Petrohol) and secon- 
dary butyl alcohol. Some of this isopropyl alcohol may be dehydrogenated 
to acetone. From this ketene and many other compounds can be made. 

The methanol synthesis has been mentioned above as being typical of 
the era. In this synthesis carbon monoxide and hydrogen are combined in 
the presence of a catalyst to give methanol: 


CO + 2H. —> CH;0H 


The methanol is always accompanied by some higher alcohols, notably 
propyl and isobutyl. By modifying the catalyst and the working condi- 
tions the proportion of higher alcohols may be increased greatly. At the 
present time they are being produced on a commercial scale and their 
acetates are being used as solvents in lacquers. By modifying conditions 
still further, hydrocarbons suitable as motor fuel are produced. This fuel 
is entirely satisfactory as to quality but cannot at this time compete with 
gasoline on account of cost. 

The simple aliphatic hydrocarbons have become important starting 
materials. Natural gas is stripped of its higher boiling constituents by 
being brought into contact with active charcoal or with heavy oil. The 
“natural gasoline’ so obtained is fractionated. The propane is cracked to 
propylene and ethylene which are used as mentioned above, while the isobu- 
tane finds a place in refrigeration. The pentane fraction is chlorinated to 
give a mixture of chloropentanes, the hydrolysis of which yields a correspond- 
ing mixture of amyl alcohols which is acetylated and sold as “‘pentacetate,” 
a valuable solvent for nitro-cellulose. 
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Carbon disulfide is made by the direct combination of its elements, 
It, in conjunction with caustic soda, may be said to be the artificial silk 
worm which eats whole trees in the form of wood pulp, xanthates them into 
‘viscose’ which is spun into beautiful glossy rayon. The same viscose, 
when extruded in sheets becomes cellophane which does not yet ‘‘cover the 
earth” but wraps up many of its products. Carbon disulfide is chlorinated 
to carbon tetrachloride, which is useful as a fire extinguisher and also asa 
solvent for many substances. It is reduced by iron and acid to chloroform. 

From the above-mentioned simpler synthetic compounds hundreds 
more complex can be built up. Thus formaldehyde from synthetic 
methanol reacts with synthetic urea to give a useful resin. It is now 
possible to make an acceptable lacquer using synthetic materials ex- 
clusively both for resins and solvents. 

Synthetic substances are used to combine with those that are not 
synthetic in the strict sense, as formaldehyde with phenol in the well-known 
Bakelite resins and plastics. Salicylic acid is esterified with synthetic 
methanol and cellulose is acetylated with synthetic acetanhydride. In this 
way synthetic compounds enter to a greater or less extent into a large 
proportion of manufactured chemical products. 

Vast sums running well up into millions of dollars are being spent 
on research and on the development and improvement of new and old 
synthetic processes. The efficiencies of many of these processes have been 
pushed so high that the prices of many products have been greatly reduced. 
As the manufacturer makes the same or less profit with the improved 
processes as he did with the old inefficient ones the profit from the research 
is, for the most part, passed on to the consuming public. The question is 
sometimes asked why then does the manufacturer spend money on research. 
The answer is that the others are doing it and if he quits he is out of the 
game. In many cases, as in the production of acetic acid, several rival 
processes are in operation and others are waiting to be tried. The situation 
is as exciting as a horse race in which first one and then another is in the lead. 
In the case of the more common organic compounds manufacturing opera- 
tions are on a large scale and the profits per pound are very small. 

Back of the developments in each era there must be an economic urge. 
While man cannot live by bread alone a chemist cannot live without 
bread. Research is expensive and huge sums of money cannot be spent 
unless there is some return. In the dye era, which saw a tremendous 
development of aromatic chemistry, the profit from dyes and related 
pharmaceuticals was the incentive. More dyes and better dyes are now 
being made than ever before but in competition with other lines dyes have 
lost their leading place. Nearly as much is now spent in America for anti- 
freeze as for dyes. Synthetic resins, plastics, and solvents are now the 

grand prizes. 
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SOME PROBLEMS RELATING TO HISTORY OF SCIENCE AND 
TECHNOLOGY* 


GUNTHER BuUGGE, KONSTANZ A. BODENSEE, GERMANY 


A comprehensive examination of the progress, in the last decades, of the 
historical treatment of chemistry and the other exact sciences, including 
the history of technical science, doubtless reveals much that is encouraging. 
There have appeared, especially in England, the United States, and Ger- 
many, numerous excellent biographical studies which testify to a certain 
interest in the personalities of the great discoverers and inventors. Like- 
wise, though more seldom, the history of various single materials or groups 
of materials has received thorough historical consideration. Finally, actual 
historical research has been forwarded by a series of valuable works, and, 
in particular, attempts are now being made to gain a critical insight into 
Greek, Arabic, and late Latin alchemy. Side by side with this movement, 
there seems to be a growing interest in the history of technology; at least 
the increased output of publications dealing with this field seems so to 
indicate. 

However, any optimistic impression gained from a survey of the chemi- 
cal historical literature should in no wise veil the fact that in reality the 
history of chemistry is now facing a crisis. A critical consideration of the 
present situation leads only to a pessimistic outlook, not merely when his- 
torical chemistry is considered as a special field, but still more when the 
question is raised whether this type of study exercises any influence what- 
ever on the development of other sciences, on the advancement of peda- 
gogical aims, on the shaping of cultural problems—disregarding for the 
present the natural inquiry as to whether the study of chemical history has 
any practical value. More and more there is a question regarding the aims 
and purposes of this field of endeavor, what is to be its future, and what its 
contribution to the great general problem of intellectual advancement. In 
short, what can this science accomplish for mankind? 

It is generally conceded that there is as yet no general agreement as to 
the ultimate aim and purpose of world history. Is it merely recreational 
reconstruction of the past, and is the interest in history based on the satis- 
factions and pleasurable sensations derived from the discovery of something 
that has happened, a thrill akin to that aroused by the disclosure of some- 
thing hitherto unknown? Do the charm and effect of historical research 
and presentation lie in the realm of esthetics or ethics? Has the course of 
history been governed by general laws and would the study of history fur- 
nish anything of real value if it could provide knowledge of such laws? 
These are all moot questions, and yet world history is viewed as, and treated 
as, a science, not merely in scholarly works, but alsoin the minds of educated 
persons, in the curricula of schools, in the lecture halls and seminars of uni- 


* Translated by Ralph E. Oesper, University of Cincinnati, Cincinnati, Ohio. 
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versities. History is today, as it has always been, one of the important 
sources of inspiration for literature, journalism, the screen, politics, ete, 

As compared to this flourishing condition, it must be admitted in the first 
place that the study of the history of chemistry (likewise that of the history 
of the other branches of pure and applied science) leads a rather wretched 
existence. Public or private support is almost non-existent, seminars and 
professorships in the universities are seldom, if ever, concerned with its 
subject matter; a vanishingly small number of teachers actively pursue it, 
and still fewer students consider it worth while. Neither the masses nor 
the circles of the educated manifest interest, and its influence on the shaping 
of cultural problems is practically nil. To be sure, in all countries there are 
isolated enthusiasts or devotees of this branch of learning—professors of 
chemistry who find time from their regular duties for historical researches, 
or who have taken up this hobby in their old age; teachers who appreciate 
the pedagogic value of such material; pharmacists who have always had a 
penchant for the past; industrial chemists who turn to the history of their 
science as a wholesome recreation from the fatiguing demands of their daily 
duties; and, finally, a very few unattached persons whose financial resources 
are such, that they, as private scholars, can devote themselves to the his- 
tory of chemistry. This small company today bears the whole burden. 
Their unostentatious efforts, undertaken as a labor of love, are responsible 
for such advances as are achieved, and if, some day, these persons of peculiar 
taste should die out, or if, disgusted with the indifference accorded their 
endeavors, they should turn to more grateful fields of learning, then the 
study of the history of chemistry perforce must gradually decay and be- 
come extinct. 

Perhaps this point of view may be too pessimistic; it certainly is not 
overdrawn forGermany. It may be that the situation is better in England 
and the United States (possibly even in Russia) where there may exist a 
more effective movement to popularize the historical aspects of science. 

The comparatively small value and importance currently attached to 
scientific history as contrasted with the higher place bestowed on general 
history appears all the more striking and perhaps illogical when it is re- 
membered that the former discloses a constantly rising line of progress, 
whereas the historical presentation of the political, social, and cultural vicis- 
situdes of mankind and of single nations, cannot, except in a very limited 
sense, show any such advancement. Even the beginner in chemistry to- 
day has at his disposal far more facts and associated ideas than had van 
Helmont, Glauber, Boyle, and other great minds of early chemistry. In 
contrast, the relations of nations with each other are governed still by the 
same basic principles that held sway among the ancients or during the 
Middle Ages. The governmental systems of the Greeks and Romans had 
features that might well be emulated today; the lot of the masses is funda- 
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mentally the same as it was centuries ago, and the individual of the present 
has possibly not as much opportunity as formerly to mold his life so as to 
secure the greatest possible happiness and joy of living. Humanitarianism 
is not a recent invention, and when the pessimists are confronted with the 
advances of civilization, it must be remembered that these advances are 
solely those arising from the forward march of science and technology. 
The history of science reveals a reassuring record of constant progress, 
while history, in general, unfortunately shows the reverse. 

It may be that the slight interest aroused by the history of chemistry 
(and of the other special fields embracing the history of science) is due to 
the fact that this field of study can only prove again that chemistry con- 
stantly progresses. The chemist in general does not reach this simple 
truth by means of historical studies; it is revealed to him at all times in his 
researches, which per se consist of an augmentation of the factual material 
already available and of a widened theoretical insight. On the other hand, 
and despite all efforts of the historians, world history remains full of un- 
solved enigmas, and like a Runic record, it is still waiting to be deciphered. 

However, men are still hoping that history will sometime furnish the 
solution to such questions as to how they may improve their lot, how to 
prevent wars, how to govern a state wisely, how to bring about a Golden 
Age on this earth. Consequently, the study of general history exerts 
greater charm and allurement than does the pursuit of the history of a 
special science, and paradoxically so, for the former is faulty in method and 
its conclusions are unsatisfactory while the latter is surer in method and 
more positive in its findings. 

The question as to why the history of a science does not arouse the same 
degree of interest and is not promoted on the same scale as is general his- 
tory, and the further question as to why the history of natural sciences in 
particular is so patently neglected as compared with the history of the 
mental disciplines (history of religion, philosophy, art, etc.) cannot, of 
course, be considered apart from the varying evaluation given the subject 
matter of these fields of learning. To be sure, the present is ostensibly 
more than any other period in the world’s history, ‘‘the era of natural science 
and technology,” and, in fact, the course of events has never before been so 
intensively influenced by them. However, the effect of this influence is in 
general quite overestimated. Admittedly the newspapers and magazines 
are filled with reports of scientific discoveries and technical advances, 
every minute of the day demonstrates the omnipotence of technology, and 
widely accepted philosophies—materialism, socialism, monism, etc., how- 
ever they may prefer to be designated—are based, in the last analysis, on 
natural science. There are many indications, however, that mankind is 
still strongly bound to the “‘pre-scientific’’ past. In the present cultural 
crisis there rise ever louder and more insistent the voices of those who advo- 
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cate turning away from a purely intellectual view of the world and who see 
salvation only in a return to the metaphysical powers of the human soul; 
back to intuition, to faith, to revelation, to sentiment, to impulse; in 
short, back to the irrational. 

In many circles, at least in Germany and other Européan countries, it is 
now almost the ‘correct thing” to blame all the evils of the present day on 
science and technology, and to refer either with hauteur or sympathy toa 
presumptive ‘“‘break-down of the natural sciences.’’ This anti-scientific 
and anti-technological sentiment has not yet made itself quite so evident in 
America largely because, through a combination of circumstances, a syn- 
thesis, superficial though it may be, of the two antagonistic tendencies 
seems to be rather possible there. However, the European observer be- 
lieves that the New World cannot permanently be spared this mental up- 
heaval that Europe is now experiencing, and premonitory indications of 
this are easily discernible, for example, in the constantly increased output 
of purely literary writing. 

Under such significant circumstances it is not at all strange that the 
history of chemistry does not hold high rank, even though the practice of 
chemistry is admittedly of great consequence. The recognition of this 
fact leads at once to one of the most important, if not the most important, 
task of chemical history. Precisely because chemistry (and the same truth 
applies to the other natural sciences and technical branches) is always play- 
ing an increasingly important part in the relations of men to each other, and 
because its material and mental accomplishments are more and more in- 
fluencing the destiny of mankind, precisely for this reason must the history 
of chemistry prove its right to existence by convincingly setting forth 
these.relationships. Therefore it must become more conscious than hitherto 
of its cultural historical mission and seek to extend its efforts to something 
more than the collection and sifting of historical factual material. It must 
demonstrate that the mental horizon of man is broadened by the advance- 
ment of chemical knowledge, that chemical discoveries exert a far-reaching 
influence on world history, that the material welfare of the human race is 
altered by the successes of the chemist, that sociological effects, both eco- 
nomic and political, are direct results of chemical causes. In short, the 
history of chemistry must proclaim the debt mankind owes to chemistry. 
If successful in this, history of chemistry will no longer be regarded as a 
superfluous hobby indulged in by a few eccentrics, or as the sterile time- 
filler of the last years of scientists whose professional capabilities have been 
exhausted, but will take rank as a highly productive, full-blown science, 
and, as such, be entitled to general recognition and support. 

If prosecuted along those lines, history of chemistry will become an im- 
portant factor in the education of the people. It will not only aid in the 
dissemination of worth-while knowledge, but it will also contribute a power- 





Vol 


ful 
ret 
the 
the 
bri 
rec 
pic 


tré 
tir 


i ete ee ee ee a a | ee 





1932 


See 


oul: 


’ 


in 











VoL. 9, No.9 HISTORY OF SCIENCE AND TECHNOLOGY 1571 


ful antidote to the cultural crisis discussed above. Far from being taken as 
retrogressive propaganda seeking to push back human development a few 
thousand years, it should be appreciated as an effort to demonstrate that 
there has been both material and spiritual advance, and as an attempt to 
bring into harmony the two world views, which at present seem to be ir- 
reconcilable. The elucidation of the historical part of chemistry and the de- 
picting of the lives and labors of the great chemists may have the further 
good effect of reawakening in many quarters a feeling of respect and awe, 
traits which in this generation of ‘‘nil admirarz’”’ have fallen into compara- 
tive desuetude. 

In this connection it is pertinent to recall that some time ago it was pro- 
posed to create a museum of chemistry under international auspices. In 
an institution of this type it would be possible to present visually not only a 
general view of the development of pure chemistry from the earliest times 
up to the present, but there could also be exhibits showing the growth of 
applied chemistry, especially technical chemistry, which would forcefully 
demonstrate the significance of this science as a factor in our present 
civilization. A museum of this type would also be the proper place for 
preserving all documents relating to the development of chemistry, such as 
pictures and drawings of chemical equipment and apparatus, reports and 
records of the progress of chemical industry, notebooks of inventors, etc. 
From the economic standpoint, it could render great service to the chemical 
industry by collecting statistical data, and it would afford the chemical 
historian source material of great value. A central research institute of the 
history of chemistry would of necessity have to be connected with the 
museum if the latter were to accomplish its full purpose. The crying need 
for a museum of this type is made especially evident by the fact that even 
now it is most difficult to work up an entirely satisfactory historical treat- 
ment of certain rather recent periods of chemical industry. At present, 
little value is attached to the preservation of documentary source material 
in this field, and records indispensable to the historian are lost or destroyed. 
A museum organized along these lines need in no way compete with or 
disturb the activities of the Deutsches Museum in Munich or of the other 
large technical museums, since its purpose would be much more highly 
specialized, and the greater emphasis on historical research would clearly 
differentiate it from the existing museums. 

The place of history of chemistry in the chemical curricula of colleges and 
universities requires no discussion here since this topic has frequently 
been treated by more competent writers. The question at issue deals not 
merely with the heuristic advantages of teaching from a more or less 
historical standpoint, but goes beyond this into the effectiveness of this 
mode of presentation in promoting a closer union between the students and 
the subject matter of their courses. Historical approach not only invigor- 
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ates instruction, but it also stimulates and encourages independent study, 
counteracts the deleterious effects of routine and specialization, and pro- 
tects the chemist, even after he has matured in his profession, against the 
narrow-mindedness which later so often appears as a consequence of the 
almost inevitable specialization that is forced upon him nowadays. 

As a sequel to these remarks which may have impressed many readers as 
being chiefly of theoretical moment, there arises the practical problem as to 
what can be done to secure for the history of chemistry its rightful position 
in the curricula of the higher institutions of learning. Let us disregard for 
the moment the material difficulties, which (particularly in the present 
critical economic period) are such insuperable obstacles to the establish- 
ment of chairs of history of chemistry, seminars, and research institutes, and 
assume that the requisite funds could be secured from the state, technical 
associations, great industrial corporations, private donors, or from other 
sources of endowment. Let us assume, further, that every university or 
technical college possessed adequately paid professors whose lectures and 
research activities afforded the students opportunity to participate inten- 
sively in the study of the history of chemistry. Given such conditions, 
would the chemistry student whose time is now filled with lectures, and 
particularly with laboratory practices, take advantage of the opportunities 
for studying the history of chemistry? Would not the lectures of the 
chemical historian be delivered to sparsely settled benches? Would it 
not be folly to even start seminars in which the participation of the students 
is certain to be inadequate? Could a single student be found who would 
offer to become the collaborator of a chemical historian in order to ac- 
complish scientific work? As long as these questions are not cleared up, 
the whole problem of the advancement of the history of chemistry remains 
on a thoroughly unsound basis, even though, for idealistic reasons, such 
advancement is greatly to be desired. 

It is necessary to differentiate between two types of instruction: (1) a 
general introduction to the history of chemistry which could be presented 
in one or two lectures per week and (2) a detailed course, including special 
training in historical research. The general course should be required of 
all chemistry students, if feasible, and through its treatment of the border- 

line subjects it could be made attractive to others besides chemists. This 
addition to the chemical curriculum, now already overloaded, would be 
fully justified by the returns for the small expenditure of time entailed. 
On the other hand, the more intensive course which must be offered in 
order to secure future workers in methodical historical research requires 
an entirely different orientation. It will be necessary so to vitalize the 
professional study of chemical history that the students who devote them- 
selves to this field can look forward to occupying positions other than the 
teaching of chemical history. 
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This will then involve the bringing of chemical history into closer com- 
munion with the actual chemical problems of the day, both with regard to 
its content and its technic. The first requirement is a more intensive 
treatment of the history of applied chemistry, especially chemical industry, 
and also of the history of the biochemical, medical, engineering, and other 
applications of the science. The history of the chemical industry in par- 
ticular requires a far more thorough treatment than it has hitherto re- 
ceived. It is frequently quite sad to note how often, after a lapse of only 
ten years or less, through carelessness or indifference, source material is 
completely lost—records from which it might be ascertained who was the 
first to put a given chemical process into actual practice, what was the ap- 
pearance of equipment in which the first commercial production was ac- 
complished, what difficulties were encountered, and how they were sur- 
mounted. If any one attempts systematically to assemble the historical 
data of an industrial process, he inevitably finds himself in the field of 
economics, and must deal with the commercial development of a manufac- 
turing process. He has to study the patent rights involved, take account of 
business conditions, competition, cartels, as well as other political-economic 
factors. The historical consideration of chemical industry therefore yields 
valuable insights into its development and the conditions that are conducive 
toits healthy maintenance, and such training is an excellent preparation for 
administrative positions in this industry. History of chemistry conse- 
quently not only connotes the elucidation of the Jabir problem or the in- 
quiry as to whether Basil Valentine really existed, but extends also to the 
shedding of a bright light on the genesis and growth of important branches 
of industry on whose prosperity the national welfare depends. Whoever 
devotes himself to this type of chemical history will not only derive inter- 
esting theoretical information, but will receive at the same time an emi- 
nently varied and fundamental training and a stock of basic knowledge 
which will fit him to fill an active and practical part in chemical industry. 

In the foregoing discussion of the technic of the chemical historian, special 
emphasis has been placed on the technical aids required in the collection, 
sifting, and evaluation of factual material. Such equipment includes, first 
of all, thorough knowledge and wide experience in the use of libraries, 
bibliographies, and archives; by which is meant not simply a general ac- 
quaintance with scientific books and periodicals, catalogs, reference works 
of various kinds, etc., but also of the routine involved in the tracing down 
of given data, a certain ‘‘flair’’ for the discovery of scientific, technical, and 

economic material, and the ability toassemble voluminous masses of isolated 
facts into accessible files and card indexes, where they can be kept ready 
for use. The importance of the purely technical aspects of an efficient 
working organization should not be underestimated. Nowadays it is 
only possible to work rationally (7. ¢., with maximum effectiveness) when 
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full advantage is taken of the aid afforded by the equipment used in modern 
business offices. Practice in the use of these devices, combined with a 
thorough chemical training, is the best preparation for those who are fitting 
themselves for positions in the bibliographical and information depart- 
ments, the libraries, the archives, and patent divisions of large industrial 
corporations. The importance of a smoothly running scientific, technical, 
and economic information service bureau is now so widely recognized that 
qualified persons, even during industrial depressions, have reasonable 
prospect of securing such employment. 

A good preliminary training based on chemical history may be of value 
in lines other than the industrial. First and foremost comes the ever- 
recurring demand that public administrations should include more men who 
have an understanding and appreciation of the exact and technical sciences, 
The transfusion of such blood into governmental boards of all ranks is 
highly desirable. A chemist or engineer who feels only a strong urge to 
pursue the practice of his profession will seldom be prepared to exchange 
his laboratory or factory for the green table of a government office. Surely 
this is the proper place for scientists who have supplemented their tech- 
nical education with historical courses—whose preparation is thus based 
on both exact and cultural sciences. 

The final proposal is closely allied to a very important problem relating 
to the weal and woe of the coming generation of scientists and engineers 
turned out by the universities. A study of recent surveys of professional 
statistics reveals an astounding number of surplus young scientists and 
technologists, for whom, apparently, there will be no openings in the near 
future. Hundreds of thousands will have no chance whatsoever of finding 
in industry any opportunity of applying the knowledge the acquisition of 
which has cost them years of study and much money. Industry and busi- 
ness can no longer maintain the strenuous pace set by the advancement of 
science and technology. On the other hand, it would be foolish to demand 
that scientific and technical research be put into fetters; the human urge 
to investigate and to apply technically the facts that have been discovered, 
will, like a force of nature, continue to act, and the spirit of technical science, 
in spite of all repression, will go on, even though the economic reasons for 
its practical application are not immediately present in the same measure 
as was formerly the case. The surplus chemists and engineers who will 
not be fortunate enough to continue their activities in the direct service of 
industry will have to become auxiliary troops, whose duty it will be to bend 
every effort to bring the rational procedures of technical science, its logic, 
its objectivity, its ethical goal—service to mankind—into those provinces of 
public life which heretofore have been ruled by an entirely different spirit. 
No more appropriate mental accoutrement could be given to these auxiliaries 
than an intensive course in the history of natural science and technology. 
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To sum up: history of chemistry, properly pursued, is not a scholarly 
hobby, an unproductive amusement, but it is a serious and useful science 
which not only brings forth new knowledge but also lends valuable peda- 
gogic aid in popular education, and in the higher schools and universities. 
For these reasons, history of chemistry, which up to now owed all its prog- 
ress to the enthusiasm of comparatively few scholars, deserves the most 
ardent support, both moral and financial, from public and private sources. 
Only through the creation of adequate teaching and research facilities 
at the universities (or corresponding independent research institutes) can 
the history of chemistry be effectively promoted, and those benefits be 
realized from it that its fostering promises. The notion that a methodi- 
cal study of chemical history, based on prerequisite courses of chem- 
istry, would be of no later professional value is not justified, since there 
are numerous possibilities of utilizing such training. Above all, a train- 
ing in the history of chemistry would prove useful in bringing about the 
highly desirable result of making more scientists and technically trained 
men raise their voices in the discussion of political questions, in matters 
pertaining to municipal and state government, international relations, and 
other spheres of public life. 
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NOTES ON THE EARLY TEACHING OF CHEMISTRY IN THE 
UNIVERSITY OF PENNSYLVANIA, THE CENTRAL HIGH SCHOOL 
OF PHILADELPHIA, AND THE FRANKLIN INSTITUTE OF 
PENNSYLVANIA 


JosEPH SAMUEL HEPBURN 
THE HAHNEMANN MEDICAL COLLEGE, PHILADELPHIA, PENNSYLVANIA 


At the University of Pennsylvania, chemistry was taught to college students 
by Provost William Smith at least as early as 1756, and to students in medicine 
by Dr. John Morgan upon the institution of that department in 1765. The 
views of Morgan (the first professor of medicine in English North America) 
on the importance and place of chemistry in the medical curriculum are pre- 
sented. In the Central High School of Philadelphia, lectures on chemistry 
were delivered during its first academic year (1838-39); selection of professors 
by competitive examination, and examination of the students by outside ex- 
aminers were used during the period 1839-59. Lectures on chemistry were 
delivered before the Franklin Institute shortly after its incorporation in 1824; 
and chemistry was included in the curriculum of its High School, organized in 
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In a recent communication, Fay (1) mentions the early teaching of chem- 
istry in the College of Philadelphia (now the University of Pennsylvania) 
and in the Central High School of Philadelphia. However, certain addi- 
tional authorities, not included in his very elaborate bibliography, demon- 
strate that chemistry was taught in both institutions at even earlier dates 
than those suggested by his paper. 

The University of Pennsylvania actually originated in 1740 as a charity 
school, became an academy in 1749, was chartered as such in 1753, and re- 
ceived an additional charter in 1755 as the ‘‘Trustees of the College, Acad- 
emy, and Charitable School of Philadelphia, in the Province of Pennsyl- 
vania’”’ with the power to confer university degrees. The degrees in arts 
were first conferred in 1757. In 1765 the institution attained the actual 
status of a university when a school of medicine, the first in English North 
America, was organized; the degree of bachelor of medicine was first, con- 
ferred in 1768, that of doctor of medicine in 1771. In 1779 the colonial 
charters were abrogated, and the University of the State of Pennsylvania 
was created; this was the first institution of higher education in the United 
States to bear the corporate title of university, and also was the first 
state university. In 1789 the college charters were restored; and, in 1791, 
the College and the University of the State were merged to form the present 
University of Pennsylvania. 

Chemistry was taught in the College of Philadelphia at least as early as 
1756, and in its medical school from its foundation in 1765. 
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In May, 1754, William Smith be- 
came a member of the faculty of the 
Academy; he was named as Provost 
in the charter of 1755. On April 13, 
1756, the Trustees adopted a ‘‘Scheme 
of liberal Education” or curriculum 
for the College, which consisted of 
the Latin and Greek Schools and the 
Philosophy Schools. Included in the 
studies of the Philosophy Schools 
was a course: 


“Chemistry. Shaw’s Boerhaave. 
Of Fossils. 
Of Agriculture.” 


This course extended over a period 
of four months during the last term of 
the senior year; apparently a lecture 
was delivered daily. 

The ‘Plan of Education” was 
ordered published by the trustees, and 

WILLIAM SMITH, FROM A REPLICA OF appeared in the Pennsylvania Gazette 

THE PORTRAIT BY GILBERT STUART ‘ 

(2) beneath the signatures of the prov- 
ost, vice provost, and professors. It was included in an account of the Col- 
lege and Academy, published in the American Magazine in 1758 (3), in both 
London editions of Smith’s ‘‘Discourses” (4), (5) and in the American edi- 
tion of his ‘‘Works’’ (6), and has been quoted in full by H. W. Smith (7) 
and Montgomery (8). The first London edition of the ‘‘Discourses’’ (4) 
merely states that the provost and the vice-provost are the masters of the 
Philosophy Schools. The other citations (3), (5), (6), (7), (8) contain 
this statement and, in addition, describe William Smith as provost and pro- 
fessor of natural philosophy, and Francis Alison as vice-provost and pro- 
fessor of moral philosophy. Mention of ‘“Shaw’s Boerhaave’”’ as the chem- 
istry text is made only in the Pennsylvania Gazette (2), the American Maga- 
sine (3), and Montgomery’s ‘‘History”’ (8). 

From the foregoing, it is readily seen that natural philosophy, including 
chemistry, was regularly taught to students of the College by William Smith 
as early as 1756, possibly at an even earlier date. This conclusion is sup- 
ported by the following quotation from ‘‘Old Chemistries”’ (9) by Edgar F. 
Smith, thirteenth provost of the University of Pennsylvania from 1911 to 
1920: 

In searching through neglected literature in the library of the Uni- 
versity of Pennsylvania a set of Manuscript lectures on chemistry 
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dating about 1760 was found. Probably they were prepared by 
William Smith, first Provost of the University—at least, in the oldest 
catalogues of the institution he is credited with the teaching of that 
Science to the Senior class in the College. 


Charles J. Stillé, tenth provost of the University of Pennsylvania, from 
1868 to 1880, wrote in 1869 as follows (10) concerning the curriculum of the 
College during the administration of William Smith: 


In the department of Natural Philosophy, Chemistry, Hydro- 
statics, Pneumatics, Optics, and Astronomy occupied the attention of 
the students during a large portion of the Junior and Senior years..... 

We have Dr. Smith’s own authority for saying, that this scheme did 
not exist merely on paper, but that it was faithfully carried out in its 
details, and with the most brilliant results during the whole period of 
his connection with the College. This statement is confirmed, so far 
as the instruction in Natural and Moral Philosophy is concerned, 
by an examination of the note-books of the lectures, (which are still 
preserved), which he delivered on those subjects. Although some of 
the doctrines laid down by him in matters of Natural Science may 
now be out of date, they represent fully the learning of that day...... 

Dr. Smith gave lectures in the Mathematics, Natural Philosophy, 
Astronomy, and Rhetoric...... 


According to Horace Wemyss Smith (7), the great grandson and bi- 
ographer of William Smith, the Plan of Education was conceived by William 
Smith and was adopted by the College of William and Mary in 1776, and 
by Washington College, Maryland, in 1782. 

William Smith was born in Aberdeenshire, Scotland, on September 7, 
1727, and died in Philadelphia on May 14, 1803. He was educated at the 
University of Aberdeen, and was ordained a clergyman of the Church of 
England in 1753. The degree of doctor of divinity was conferred upon 
him by both Aberdeen and Oxford in 1759 and by Trinity College, Dublin, 
in 1764; the nomination for the Oxford degree was made by the Arch- 
bishop of Canterbury and five bishops. Dr. Smith first came to America 
in 1751. From 1755 to 1791, he was provost of the College and Academy 
of Philadelphia; he not only taught students in the college proper as out- 
lined above, but also delivered lectures on natural and experimental philoso- 
phy to the students in medicine. During the period 1780 to 1789 he 
served as the first president and first principal of Washington College at 
Chestertown, Maryland. His name is number 36 on the complete roster 
of the American Philosophical Society (11) of which he was a secretary. 
His researches of a scientific nature, chiefly astronomical, appeared in its 
early Transactions. Dr. Smith was a noted preacher and theologian; he 
played a leading part in the organization of the Protestant Episcopal 
Church during and at the close of the Revolutionary War. 
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Mention has been made of Shaw’s edition of Boerhaave as the chemical] 
text. It may be noted that The Edgar F. Smith Collection in the History 
of Chemistry contains a copy of the second London edition of this treatise 
published in two volumes in 1741 (17). 

On May 38, 1765, John Morgan was appointed professor of the “theory 
and practice of physick”’ in the College of Philadelphia, the first medical 
professorship in English North America. At the end of that month, he 
delivered a “‘Discourse upon the Institution of Medical Schools in America” 
(12). The following paragraphs from this discourse reveal Morgan’s views 
on the importance and place of chemistry in the medical curriculum. 


The various branches of knowl- 
edge which compose the science of 
medicine, are Anatomy, Materia 
Medica, Botany, Chymistry, the 
Theory of medicine, and the practice. 

Physiology, Pathology, Chymis- 
try, the Materia Medica, and indeed 
the several branches of medicine lend 
a mutual aid to one another, in a 
greater or less degree. 

Chymistry is either Philosophic, 
or Pharmaceutic. The former con- 
siders the particular properties of 
bodies, and explains their effects. 
It is distinguished from natural phi- 
losophy, as this latter is only con- 
versant about the general properties 
of bodies. 

PHARMACEUTIC CHYMIS- 

: ! TRY, is that branch of philosophic 
JoHN Morcan, From a Repuica or Chymistry, which regards the particu- 
THE Ercuinc By H. B. HAL lar properties of such bodies as are 
aDpropriated to medicine. It con- 
siders their virtues in a simple state, or those which they acquire by com- 
bination, and in this has a close connection with the Materia Medica. 
There are indeed but few substances which are used as Medicines, 
simply and singly, in their natural state; but they are commonly com- 
pounded by art. As it belongs to Pharmaceutic Chymistry to treat of 
the separation of the parts of medicinal substances from one another, 
and of the new properties arising from the composition or resolution of 
those bodies, it is manifest that this science is of essential use. What- 
ever skill we may boast in investigating the nature of a disease, or in 
understanding the structure of the body, yet without a knowledge of 
the instruments which are to be used, and of their properties and action 
upon the body, whereby they produce a change from sickness to 
health, other knowledge avails little in the cure of diseases. 
Medical Science is one whole, of which all the branches I have enu- 
merated are the several parts. They may be considered as the links of 
a chain that have a mutual connection with one another. Anatomy, 
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Materia Medica, Botany, Chymistry, and the Institutions, are only 
the ladder by which we are to mount up to practice. A general 
knowledge, at least in each one of them, is useful to both Physician 
and Surgeon; particularly to the former, who in proportion as he is 
more intimately acquainted with them all, will become more skillful 


in the healing science. 

The order which I would recommend in the study of Medicine is to 
begin with Anatomy; then what I have called medical natural His- 
tory, viz. The Materia Medica and Botany; Chymistry should follow; 
the Institutes come next; and the Study of Practice should compleate 


the work. ‘ 
I propose in a few months to employ myself in giving a course of 


lectures on the Materia Medica, in which the pharmaceutic treatment 
of medicines, as well as their virtues, will be described, and the doc- 
trines of the chymical properties of bodies will be considered, as far as 
is useful to give a general idea of Chymistry, and is consistent with a 
course of the Materia Medica. 


Morgan used the term institutes or institutions as a synonym for the 
theory of physic, including both physiology and pathology. 

In the announcement of the first session of the medical school of the 
College of Philadelphia (13), Morgan and William Shippen, Jr., the Pro- 
fessor of Anatomy and Surgery, state jointly concerning the courses of lec- 
tures: ‘We intend to introduce into them, as much of the Theory and 
Practice of Physic, of Pharmacy, Chemistry and Surgery, as can conve- 
niently be admitted.” In the separate announcement of his course on the 
materia medica, Morgan (13) states “...... the Manner of preparing and 
combining them [medicines] will be shewn by some instructive Lessons 
upon pharmaceutic Chemistry: This will open to Students a general Idea 
both of Chemistry and Pharmacy.” 

The announcement of Morgan’s course of lectures on the theory and 
practice of physic during the second session (1766-67) of the medical 
school (14) contains the clause “with a preparatory Course on Botany, 
Chymistry, and the Materia Medica.” 

On May 12, 1767, the Trustees fixed and enacted a course of studies and 
qualifications for degrees in physic. These rules and the announcement of 
the third session (1767-68) were published at the same time (15). One 
of the requirements for the degree of bachelor of physic (medicine) was: 
‘Each Student shall take at least one Course in Anatomy, Materia Medica, 
Chemistry, Theory and Practice of Physic, and Clynical Lectures, and 
shall attend the Practice of the Pennsylvania Hospital for one Year,....... = 
The announcement included: ‘‘A Course of Lectures on the Theory and 
Practice of Medicine, which will be preceded by a general Explanation of 
the Theory of Chemistry, accompanied by some necessary Operations, to 
render a Knowledge of this Science easy and familiar to the inquisitive Stu- 
dent.’”’ This session ended in May and degrees were conferred in June, 1768. 
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The requirements for medical degrees, including the course in chemistry, 
are recorded by Carson (16) and Montgomery (8). 

During the fourth session (1768-69), Morgan continued to teach chem- 
istry, as is shown by the following letter written to Morgan by Rush from 
London in October, 1768, and quoted by Carson (16): 


I am much obliged to you for continuing to read lectures upon 
Chemistry. I hope to be in Philadelphia in May or June next, so that 
I shall relieve you from the task the ensuing winter. Is it necessary for 
me to deliver publickly an Inaugural Oration? Something must be 
said in favor of the advantages of Chemistry to Medicine, and its use- 
fulness to medical philosophy, as the people of our country in general 
are strangers to the nature and objects of the science. 


The minutes of a special meeting of the Trustees held on August 1, 1769, 
record: 


The following Letter from Dr. Benjamin Rush was read, viz.: 
To the Trustees of the College of Philadelphia 


Gentlemen 

As the Professorship of Chemistry (which Dr. Morgan hath some 
time supplied) is vacant, I beg Leave to offer myself as a Candidate for 
it. Should you think proper to honor me with this Chair, you may 
depend on my Doing any Thing that lies in my Power to discharge the 
Duties of a Professor, & to promote the Reputation and Interest of 
your College. I have the Honor to be, with the greatest Respect 

Gentlemen 

Your most obedt. very humble Servant 

Benjamin Rush 

Philada. July 3lst., 1769. 


In Consequence of the above Application, & in Consideration of Dr. 
Rush’s Character as an ab'e Chemist, he was unanimously appointed 
Professor of Chemistry in this College. 


This letter of Rush is given in full by Carson (16), while Montgomery 
(8) mentions the letter and quotes the clause ‘‘the Professorship of Chem- 
istry (which Dr. Morgan hath some time supplied).”’ 

While Rush thus became the first incumbent of an American professor- 
ship devoted exclusively to chemistry, nevertheless Morgan had taught 
chemistry as a required subject in the medical school for four academic 
years prior to Rush’s appointment, and was recognized by Rush as his 
predecessor. Morgan’s first course antedated by approximately two years 
the appointment and lectures of James Smith as professor of chemistry 
and materia medica in the medical school of King’s College, now Columbia 
University, which, according to Lee (18), occurred in 1767. 

John Morgan was a graduate of the College of Philadelphia (A.B., 1757, 
A.M., 1760), and of the University of Edinburgh (M.D., 1763), a Fellow of 
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the Royal Society, and a member (number 148 on the complete roster) of 
the American Philosophical Society (11), the oldest American learned 
society, which traces its origin to the year 1727 (19). He was one of the 
founders of the College of Physicians of Philadelphia in 1787. From 1775 
to 1777 he served as director general of military hospitals and physician- 
in-chief to the Continental Army. He considered physic (medicine), 
surgery, and pharmacy to be separate professions. He was born at Phila- 
delphia in 1735 and died there on October 15, 1789. His biography has 
been published by Julia Morgan Harding (20). In addition to his work 
as a physician and educator, Morgan published at least one paper of a 
chemical nature, an essay on sunflower seed oil (21). 

The library of the College of Physicians of Philadelphia contains a manu- 
script volume of 227 pages with the title: ‘‘A Compendium of Chemistry: 
Historical, Theoretical, and Practical. Being the substance of a Course of 
Chemical Lectures; Delivered by John Morgan, Professor of Medicine in 
Philadelphia in the year 1766. John Hodge.” John Hodge graduated 
from the College of Philadelphia in 1769 with the degree of Bachelor of 
Medicine. 

Central High School of Philadelphia 


An Act of Assembly of Pennsylvania approved June 13, 1836, authorized 
the controllers of the public schools to establish the Central High School 
of Philadelphia for the ful] education of such pupils of the public schools 
as may possess the requisite qualifications. The School was opened Oc- 
tober 26, 1838; its curriculum was essentially that of an institution of 
higher education; and power to confer academical degrees in the arts and 
other university degrees was granted by an Act of Assembly approved 
April 9, 1849. 

A report of the controllers (22), dated February 26, 1839, pays some at- 
tention to the Central High School. The following statement in this re- 
port shows that chemistry was then included in the curriculum: ‘Lectures 
are delivered on Natural History, Comparative Anatomy, Botany, Chem- 
istry, Mineralogy, and Geology.” The list of teachers and their respective 
subjects includes: ‘‘Professors E. Otis Kendall and Wm. Vogdes, in the 
department embracing Mathematics, Astronomy, Natural Philosophy, and 
Chemistry.” 

The reports of the Central High School are included in those of the con- 
trollers. In the reports for the academic year 1842-43 (23), mention is 
made of the ‘Department of Chemistry’; the report for the semester 
ending July, 1843, contains the paragraph: ‘““Department of Chemistry. 
J. Booth, Professor. Division A.—Lectures on Inorganic Chemistry. 
Division B.—Lectures on Organic Chemistry.’’ Each branch (inorganic 
and organic) was taught for one semester by lectures which were delivered 











ae ~be- 





CENTRAL HIGH SCHOOL OF PHILADELPHIA, 1838-54, ON THE EAST SIDE OF JUNIPER 
STREET SOUTH OF MARKET STREET 


Note the conical dome of the observatory which was the fourth to be established in 
the United States and maintain a continuous existence to the present time. 


four hours per week. The manuscript minutes of the faculty show that 
Booth attended a meeting for the first time on September 1, 1842. A bio- 
graphic sketch of Booth was published by Edgar F. Smith (24). 

The selection of teachers by civil-service examinations, and the examina- 
tion of pupils by examiners not connected with the institution are usually 
considered recent innovations. However, such procedures were in use in 
the Central High School during the period 1839-59. 

John Seely Hart, second president of the School from 1842 to 1858, sug- 
gested a written examination ‘‘conducted, if possible, by literary and 
scientific gentlemen no way connected with the school” (23). The con- 
trollers appointed a board of examiners, twenty members of which actually 
served. The examinations covered the period from June 22 to July 1, 
both inclusive, 1843. The examination in each subject was written, and 
required three hours. The examiners were divided into committees, 
and the members of each committee scrutinized the written answers to their 
questions. The committee on chemistry was composed of Dr. Robert 
Bridges and O. H. Partridge. In the report of the board of examiners, it is 
recorded: ‘“The examination of the two divisions which study Chemistry, 
left upon the minds of the Examining Committee an impression highly 
favorable to the condition of this branch of instruction.” 
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CENTRAL HiGH SCHOOL OF PHILADELPHIA, 1854-1900, SOUTHEAST CORNER OF 
BROAD AND GREEN STREETS, Now Occupiep BY ITS DEPARTMENT OF MECHANIC 
ARTS 


Considerable information is available concerning Robert Bridges (1806-— 
82). He graduated from the University of Pennsylvania with the degree 
of doctor of medicine in 1828, held a professorship of chemistry in the 
Philadelphia College of Pharmacy from 1842 to 1882, was for several years 
lecturer on chemistry in the Franklin Medical College, served as vice 
president of the Academy of Natural Sciences of Philadelphia from 1840 
to 1864 and as its president from 1864 to 1865, and edited an American 
edition of Fownes’ ‘‘Manual of Elementary Chemistry.” 

Comparatively little information is available concerning Partridge, the 
other examiner in chemistry. In the report of the controllers (23), he is 
described as ‘‘Capt. Partridge.” In the minutes of the meeting of the 
faculty held on june 17, 1843, his name is given as “O. H. Partridge.”” The 
city directory for that year (40) contains the entry: ‘‘Partridge, O. H.., 
M.D., 195 Spruce.’ Apparently he was a physician who was deeply in- 
terested in chemistry. 

The professorship of natural philosophy and chemistry in the Central 
High School became vacant on February 14, 1859, by the resignation of 
Dr. Martin H. Boyé, whose biography has been written by Edgar F. Smith 








1586 JOURNAL OF CHEMICAL EDUCATION _— SeEprTemsrr, 1932 


(25). The committee on Central High School of the controllers (26) re. 
quested the president of the School (Nicholas Harper Maguire) and a 
former president (Alexander Dallas Bache) to appoint a board to conduct 
an examination of candidates for the position. This board consisted of 
James C. Booth and Dr. William Uhler, who examined in chemistry, and 
John C. Cresson, who examined in natural philosophy. The written ex- 
amination included fifteen questions on inorganic chemistry, 5 questions 
on organic chemistry, and 5 questions in natural philosophy. ‘‘In addition 
to the written examination, each candidate lectured to the senior class for 
thirty minutes, on any one of ten given subjects, that an opportunity might 
be afforded of testing his ability to impart knowledge.” Six candidates 
were examined. The candidates with the highest grade (B. Howard Rand) 
and the next highest grade were recommended by the examiners for a 
selection by the controllers, who unanimously elected Rand to the vacant 
professorship at their April stated meeting. 

The standing of the examiners is shown by these facts. Booth was then 
melter and refiner of the Philadelphia Mint. Cresson, like Booth, was a 
former member of the Central High School faculty; he was superintendent 
of the Philadelphia Gas Works, chief engineer of Fairmount Park, and 
president of the Mine Hill and Schuylkill Haven Railroad, and served as 
president of the Franklin Institute from 1855 to 1863. Uhler’s full name 
was William Millward Uhler (1820-65). He is described in the matriculate 
catalogs of the University of Pennsylvania (published in 1922) and its 
College (published in 1894) as an analytical and manufacturing chemist, 
who graduated with the degrees of bachelor of arts and master of arts in 
1839 and 1842, respectively. The announcements of the Philadelphia 
College of Medicine for the collegiate years 1854-55 and 1855-56 show that 
he received the honorary degree of doctor of medicine from that institution 
in 1855. In the records of the Franklin Institute, of which he was a life 
member, he is described as a manufacturing chemist. In 1858, he became 
a member of the American Philosophical Society, being number 1401 on its 
complete roster (11). 

Benjamin Howard Rand (1827-83) had received the degree of doctor of 
medicine from the Jefferson Medical College in 1848, and that of master of 
arts from the Central High School in 1850. He retained his chair in the 
latter institution until 1864. At least two of the students who attended 
his classes during this period became his pupils in medical schools, and 
afterward became distinguished chemists; they were Thomas Messinger 
Drown (1842-1904) and Henry Leffmann (1847-1930). 

Drown graduated from the Central High School as bachelor of arts in 
July, 1859. The announcements of the medical department of Pennsyl- 
vania (now Gettysburg) College for the sessions of 1859-61 (27) show that 
Drown was a student in that school during the session of 1859-60, and that 
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Rand was his preceptor and also held the chair of medical chemistry. Dili. 
gent search has failed to reveal the matriculate list for the last session of 
this school in 1860-61. Drown graduated from the medical school of the 
University of Pennsylvania in 1862. He became noted as an educator, and 
for his contributions to analytical and sanitary chemistry. For an account 
of his later life, the reader is referred to a recent paper by Billinger (41). 

Henry Leffmann (28) was a student assistant of Rand in the Central 
High School. When Rand succeeded Franklin Bache as professor of chem- 
istry in the Jefferson Medical College, Leffmann followed him, again be- 
came his student assistant, and graduated in medicine in 1869. Leffmann 
probably is best known as the American editor of ‘‘Allen’s Commercial 
Organic Analysis,” and for his work with Beam on the analysis of foods and 
water and the determination of the Reichert-Meissl number of fats and oils 
with glycerol and soda as the saponifying agent. He was also noted asa 
teacher of chemistry. 


Franklin Institute of Pennsylvania 


The Franklin Institute of the State of Pennsylvania for the Promotion 
of the Mechanic Arts was organized February 5, 1824, and received a legis- 
lative charter on March 30 of that year. 

William Hypolitus Keating, professor of mineralogy and chemistry in 
the University of Pennsylvania, was appointed to the same professorship 
in the Institute, and delivered his first lecture in April, 1824. This was the 
beginning of the lectures on pure and applied science which are still de- 
livered before the Institute. On April 6, 1826, the Institute established a 
high school, which is known as the Franklin High School or the High School 
of the Franklin Institute (29). The date of its prospectus (30) is fixed by 
the clause ‘‘but little more than two years’ since the founding of the Insti- 
tute. According to the prospectus, the entrance requirements included 
reading, writing, the fundamental rules of arithmetic, and the ability to 
parse easy English sentences. The curriculum covered three years; each 
year consisted of four quarters of twelve weeks each; and instruction was 
given for six hours daily. Natural philosophy was taught during the fourth 
quarter of the second year, chemistry with experiments during the first and 
second quarters of the third year. The monitorial system of instruction 
was used. The principal was Walter Rogers Johnson. According to a 

report of the Committee on Instruction of the Institute in 1828 (31), John- 
son taught natural philosophy, as well as certain other subjects, to the 
students. The faculty consisted of eight members. 

Johnson (32) described the school and its curriculum in a series of papers 
“On the Combination of a Practical with a Liberal Course of Education.” 
He states that the lectures on natural philosophy and chemistry in the high 
school were entirely different from the public lectures before the Institute 
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and were commonly given after the morning exercises on Wednesdays. At 
that time (1828) natural philosophy, illustrated by lectures and experi- 
ments, was taught during all four quarters of the second year. The text 
was ‘Conversations, Jones’ edition.’’ Chemistry with lectures and experi- 
ments was taught during the second, third, and fourth quarters of the 
third year. Johnson wrote: ‘In natural philosophy and chemistry, the 
apparatus is already respectable, and for illustration in some particular 
departments very ample.” Among the texts available to students was 
Crabb’s “‘Technological Dictionary.’’ Three or more years were required 
to complete the course of study. 

The American Journal of Education described this high school as ‘‘this 
respectable and useful seminary, which has taken a distinguished place 
among the practical institutions of 
this country” (33). 

Johnson apparently taught chem- 
istry as well as natural philosophy 
to the students of the school, for he 
was the only physical scientist in 
the faculty. Several years later, he 
became the first professor of chemis- 
try in the medical department of 
Pennsylvania (now Gettysburg) Col- 
lege, which was located in Philadel- 
phia, and he made numerous original 
contributions to both pure and ap- 
plied science. Tributes to his work 
have been paid by Barnard (34), (35), 
who wrote chiefly from the educa- 
tional aspect, and by Parr (36), who WALTER R. JOHNSON, FROM THE ENGRAV- 
wrote from the scientific viewpoint. ING BY JOHN SARTAIN 
This high school was continued until 
1832, and is considered by the Institute to be the predecessor of the Central 
High School. 

The Association of American Geologists was instituted in the Hall of the 
Franklin Institute on April 2, 1840 (37), by eighteen founders, of whom nine 
were Philadelphians, and one a resident of Bristol, Pennsylvania, a nearby 
town. Seven of the founders were members of the Institute. The change 
of name to American Association for the Advancement of Science became 
effective at a meeting held in the library of the Academy of Natural Sciences 
of Philadelphia on September 20, 1848 (38). Of the eighteen founders of 
1840, the last survivor was one of the nine Philadelphians, Martin Hans 
Boyé who died at Coopersburg, Pennsylvania, on March 6, 1909 (39). 


* 





* * - * * * 
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The author is indebted to Edward W. Mumford, secretary of the Uni- 
versity of Pennsylvania, for permission to consult the minutes of the trus. 
tees of the College, Academy, and Charitable School of Philadelphia, to 
Professor Joseph Faltermayer of the Central High School of Philadelphia 
for permission to consult the minutes of its faculty, to Alfred Rigling, assis- 
tant secretary and librarian of the Franklin Institute, for information from 
its manuscript records, and to James Mulhern of the school of education, 
University of Pennsylvania, for several references to the High School of 
the Franklin Institute. Use has been made of The Edgar F. Smith Collec- 
tion in the History of Chemistry, and the libraries of the following Phila- 
delphia institutions: University of Pennsylvania, College of Physicians, 
Academy of Natural Sciences, Board of Public Education (Pedagogical 
Library), Mercantile Library Company, Franklin Institute, and Historical 
Society of Pennsylvania. 
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FINAL PROGRAM OF THE DIVISION OF CHEMICAL EDUCATION, 
THE DENVER MEETING OF THE A. C. S., AUGUST 22-26, 1932 


The final complete program of general and divisional papers, entertainment, ete, 
appeared in the August 10th News Edition of Industrial and Engineering Chemistry, 
Copies of abstracts of papers may be obtained by addressing the A. C. S. News Service, 
Mills Building, Washington, D. C. 


TUESDAY MORNING 


9:00 a.m.—(1) Bowers, W. G., ‘‘Chemical Content of Textbooks in Allied Sciences” 
9:15 a.M.—(2) Shreve, R. Norris, and Fotos, John T., ‘‘Facilitating the Study of Ger- 
man for Chemists” 
9:30 a.m.—(8) Shreve, R. Norris, ‘‘Organic Technology” 
9:50 a.m.—(4) Entrikin, John B., ‘‘A New Type of Atomic Models for Organic Chem. 
istry” 
10:00 a.M.—(5) Entrikin, John B., “Introducing Organic Chemistry in the Laboratory” 
10:15 a.m.—(6) Wikoff, Helen L., “Occupations and Earnings of Women in Chemistry, 
with Special Reference to Academic Degrees” 
10:35 a.m.—(7) Ebaugh, W. C., ‘‘Balancing Chemical Equations: The Contribution of 
Otis Coe Johnson (1880)’’ 
10:50 a.M.—(8) Glasoe, P. M., “‘The Residue of Knowledge Carried Over from High- 
School Chemistry to First-Year College Chemistry” 
11:05 am.—(9) Clark, John D., “An Experience in Teaching a Survey Course in 
Chemistry” 
11:25 a.m.—(10) Frank, J. O., ‘‘An Experiment in Visual Education’”’ 
11:45 a.m.— Meeting of the Editors of the JouRNAL OF CHEMICAL EpuCATION and The 
Chemistry Leaflet (Cosmopolitan Hotel, Room A) 


WEDNESDAY MORNING AND AFTERNOON 


9:00 A.M.—(11) Bonar, Ross, Bonar, Floyd, and Davies, Earl C. H., ‘‘Cellophane Roll 
Films for Slide Lanterns” 

9:15 a.M.—(12) Day, Jesse E., and Evans, Wm. Lloyd, ‘‘The Symposium Method of 
Teaching Students in First-Year Chemistry Concerning the Nature of Matter” 

9:40 a.m.—(13) Hass, H. B., and Martin, F. D., ‘“‘A Graduate Course in Laboratory 
Technic”’ 

9:55 a.M.—(14) Levitt, W. T., ‘‘Demonstration of Glassblowing Technic for Students 
and Teachers of Chemistry”’ 

12:15 p.m—Luncheon for Members and Friends of the Division (Cosmopolitan Hotel, 
Ladies Lounge) 

2:30 p.M.— Meeting of the Senate of Chemical Education 

4:00 p.m.—Business Meeting of the Division of Chemical Education (Election of Officers) 


THURSDAY, ALL Day 


8:30 a.M.—Excursion, complimentary to registered members of the Division of 
Chemical Education and their families, to Boulder, Colorado University, South 
St. Vrain, Big Thompson Canyon, and the Great Western Sugar Company, with 
lunch at Estes Park. 


R. A. BAKER, Secretary 
17 Lexington Avenue 
New York City 
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THE DISCOVERY OF THE ELEMENTS. XIV. THE PERIODIC 
SYSTEM OF THE ELEMENTS* 


Mary ELvirA WEEKS, THE UNIVERSITY OF KANSAS, LAWRENCE, KANSAS 


Before continuing the story of the discovery of the chemical elements, it will 
be necessary to outline the early attempts at classification made by Dobereiner, 
Beguyer de Chancourtois, and Newlands, and to discuss briefly the periodic 
system of the elements which was developed independently by Lothar Meyer 


and Mendeléeff. 


This classification enabled Mendeléeff to predict the proper- 


ties of a number of undiscovered elements and of their compounds with sur- 
prising accuracy, and proved to be of great assistance in all subsequent dis- 


coveries of new elements. 







Refrain from illusions, insist on work and not words, 


patiently search divine and scientific truth (1), (15). 


Wer ruft das Einzelne zur allgemeinen Weihe, 
Wo es in herrlichen Accorden schlagt? (2) 


Although the alkali metals and the spectroscope aided greatly in revealing 


hidden elements, each new discovery 
was an unexpected event. Before the 
periodic law had been discovered by 
Lothar Meyer and Mendeléeff in 1869, 
there was no way of predicting what 
elements lay undiscovered nor of fore- 
telling their physical and chemical 
properties. 

One of the important steps leading 
up to this great generalization was the 
discovery by Professor Johann Wolf- 
gang Débereiner of Jena of his famous 
triads (10), (11). He was born in 
December, 1780, the son of a coach- 
man at Hof, near Jena. On an edu- 
cational foundation of meager elemen- 
tary instruction, practical training in 
various pharmacies, and attendance 
at a few lectures on philosophy, chem- 
istry, botany, mineralogy, and lan- 
guages, he developed such great ability 
for original research in chemistry that 
in 1810 A. F. Gehlen, the editor, and 
Duke Carl August made him professor 
extraordinary of chemistry at Jena (22). 








From Chemnitius’, ‘Die Chemie in Jena von 
Rolfinck bis Knorr’’t 
JOHANN WOLFGANG DOBEREINER 
1780-1849 


Professor of chemistry at Jena 
His discovery of the triads was an 
important step toward the systematic 
classification of the chemical elements. 
He wrote many books and papers on 
general and pharmaceutical chemis- 
try, mineral waters, the manufacture 
of vinegar, and the use of platinum as 
a catalyst. The original of this por- 
trait is in the City Museum at Jena. 


* Illustrations collected by F. B. Dains of The University of Kanon. 
+ Reproduced by courtesy of Dr, Fritz Chemnitius. 
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His personal and intellectual 
qualities soon won the high 
esteem of the Duke and the 
poet Goethe (23), (24), (27). 

Dobereiner noticed in 1829 
that there are several triads 
in which the middle element, 
that is, the one whose atomic 
weight lies midway between 
those of the other two, has 
properties which likewise are 
a mean of those of the other 
elements of the triad (29), 
(31). 

Professor Débereiner also 
made a thorough investiga- 
tion of the catalytic action of 
platinum,* and wrote books 
on general and pharmaceuti- 
cal chemistry, on the manu- 
facture of vinegar, and on 
mineral waters for therapeu- 
tic purposes. Even before 
the time of Liebig, he gave 
practical laboratory instruc 
tion in analytical chemistry. 
He died on March 24, 1849. 

Alexandre E. Beguyer de 
Chancourtois (1820-86), a 
professor of geology in the 
School of Mines in Paris, 
made in 1862 a ‘“‘telluric 
screw,” or helix, on a verti- 
cal cylinder, on which he 
placed the symbols of the 
elements at heights propor- 
tional to their atomic weights.. He plotted the atomic weights as or- 
dinates on the generatrix of a cylinder the circumference of which, since 
the atomic weight of oxygen is 16, he divided into sixteen equal parts. 
He then traced on the surface of the cylinder a helix making a 45° angle 
with the axis. The spiral therefore crossed a given generatrix at dis- 


A PoRTION OF THE TELLURIC SCREW OF BEGUYER 
DE CHANCOURTOIS 


* Débereiner was assisted for a time by Gottfried Wilhelm Osann, whose researches 
on platinum led to the discovery of ruthenium by Klaus. 
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ual tances from the base which were a 
igh multiple of 16. Thus lithium, sodium, 
he and potassium, with atomic weights 
7). of 7, 23, and 39, respectively, fell on 
29 one perpendicular, whereas oxygen, 
ds sulfur, selenium, and tellurium fell on 
it, another. 

lic Beguyer de Chancourtois observed 
en the great similarity existing between 
as elements appearing on the same gen- 
re eratrix, mentioned the periodic recur- 
er rence of properties, and stated that 


“the properties of substances are the 
properties of numbers.’’ He presented 
to the French Academy a lithograph 
and a model of his ‘‘telluric screw” 
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of i 

(12), (13), (14). Unfortunately, his Joun ALEXANDER RemInA NEWLANDS* 
S heavy, obscure literary style, his use of 1837-1898 

- terms more familiar to geologists than to Professor of chemistry at the School 
S F é of Medicine for Women and at the 
chemists, and the failure of the Comptes —_Gity of London College. Discoverer 
n rendus to publish a reproduction of his of bat cg of gana He ~~ an 
E diagram all contributed to a lack of ap- he ee ee ee 
e preciation of his contribution} (19). 

Another important advance in the classification of the elements was 





made by John Alexander Reina Newlands. He was born in Southwark, 
England, in 1837, and was educated privately by his father, a minister of 
the Established Church of Scotland. When he was nineteen years old he 
entered the Royal College of Chemistry to study under Hofmann. His 
sympathy for Italy, the land of his maternal ancestors, led him to volunteer 
in 1860 for military service under Garibaldi. When Italian freedom had 
been won he returned to London, practiced for a time as an analytical 
chemist, and taught at the Grammar School of St. Saviour’s, Southwark, 
at the School of Medicine for Women, and at the City of London College. 
For many years he was the chief chemist in a large sugar refinery at Vic- 
toria Docks, and with his brother, Mr. B. E. R. Newlands, he afterward 
published a treatise on sugar. 

In 1864 he arranged the elements in the order of increasing atomic 
weights, and noticed that after each interval of eight elements, similar 
physical and chemical properties reappeared (16). Thus he divided them 


















* This portrait was obtained through the courtesy of Mr. R. B. Pilcher, Registrar 
and Secretary of the Institute of Chemistry of Great Britain and Ireland. 

t The Comptes rendus finally published it, however, nearly thirty years later. 
See ref. (35). , 
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into natural families and periods, but for this law of octaves he gained 
nothing but public ridicule from the English Chemical Society. So little 
was the importance of atomic weights realized that a certain wit once asked 
him if he could not get the same result by arranging the elements accord- 
ing to the initials of their names (3), (18). The Chemical Society refused 
to publish his paper, but in 1887 the Royal Society awarded him the Davy 
Medal for it (9), (17). 

In a biographical sketch in Nature, W. A. T. (Tilden?) stated that this 
tardy recognition, which came five 
years after the same honor had been 
conferred on: Mendeléeff and Lothar 
Meyer, did not do Newlands full jus- 
tice. ‘If Newlands had been a 
Frenchman,’ said he, “the Academy 
of Sciences and the Chemical Society, 
even if they had at first fallen into 
error, would have taken care that in 
the distribution of honours their own 
countryman should not come in last’”’ 
(36). Nevertheless Newlands kept 
up his regular attendance at the meet- 
ings of the Chemical Society and won 
many friends by his kindness and 
courtesy. He died of influenza on 
July 29, 1898. 


a 





The periodic system of the elements (Jurrus) Lorman Mever 
was developed independently and 1830-1895 
almost simultaneously by Lothar German chemist and physician. 


Meyer in Germany and Mendeléeff in Professor of chemistry at Breslau and 
y . y at Tiibingen. Co-discoverer with Men- 


Russia. Julius Lothar Meyer was  deléeff of the periodic system of the ele- 
born on August 19, 1830, at Varel on ments. Some of his researches were 
: : ‘ on: the gases of the blood, the molecu- 
the Jade in the Grand Duchy of Old- lar volumes of chemical compounds, 
en 4 ; h a physician, atomic weights, a sensitive thermo- 
peng His father wes : rey regulator, the paraffins, and the con- 
and his mother used to assist at opera- stitution of fuchsine. 
tions. Both of the sons received a med- 
ical education, but Lothar became a chemist and Oskar Emil a physicist. 
Since Lothar was not a robust child, he was given an out-of-door education 
under the guidance of the chief gardener at the Grand Duke of Oldenburg’s 
summer palace at Rastede. By this means he developed not only a sturdy 
body, but also an abiding interest in Nature. He received his degree of 
doctor of medicine from Wiirzburg University in 1854 (33). 
Meyer knew by this time that he was more interested in research than in 


the practice of medicine. Therefore he went to Heidelberg to study under 























JOURNAL OF CHEMICAL EDUCATION _ SEpremser, 1932 





Bunsen and Kirchhoff, 
where the latter soon 
aroused in him an in- 
tense interest in applied 
mathematics. In 1858 
Lothar Meyer became a 
privatdocent in physics 
and chemistry at Breslau, 
and six years later his 
brother Oskar Emil 
joined him there as pro- 
fessor of mathematics 
and mathematical phys- 
ics. Lothar Meyer’s 
book, ‘‘Modernen Theo- 
rien der Chemie,’’ which 
was published in the 
same year and which con- 
tained his first incom- 
plete periodic table, made 
his name well known 
throughout the scientific 
world (4). 

aoe In 1868 he went to the 

Professor of chemistry at the University of Petro- Carlsruhe Polytechnicum, 
grad. Author of the “Principles of Chemistry,” a which, during the war 
Se er Meee tients tetween Prance andi Geox 
system of the elements was discovered independently many, was used as an 
Asc in Russia and Lothar Meyer in army hospital. Here he 

made good use of his 
medical training, and rendered such valuable service as army surgeon 
that, at the close of the war, he was awarded a medal (4). 

In December, 1869, he arranged fifty-six elements in a table consisting 
of groups and sub-groups (26), (30). He also drew a curve showing the 
relation between the atomic weights and the atomic volumes of the ele- 
ments, and found that this is divided by maxima into six sections. In 
the second and third sections the atomic weight increases by increments of 
sixteen units, but in the fourth and fifth sections the atomic weight incre- 
ments are much larger: about forty-six unitseach. He then prepared other 
curves which showed that fusibility, volatility, malleability, brittleness, and 
electrochemical behavior are also periodic properties. The volatile and 
easily fusible elements lie on the ascending portions of the curves, whereas 
the refractory elements are on the descending portions or at the minima. 
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In 1876 Lothar Meyer became a professor of chemistry at the University 
of Tiibingen. He served the university devotedly in this capacity and as 
rector, and his fame and ability attracted students from all parts of the 
world (4). He died on April 11, 1895. 

Dmitri Ivanovich Mendeléeff was born in Tobolsk in western Siberia 
on February 7, 1834. He was of Russian and Mongolian descent, and was 
the youngest child in a very large family. Some biographers mention 
seventeen children, whereas other more conservative ones state that there 
were only eleven. 

Maria Kornileff Mendeléeff was es- 
pecially fond of her youngest child, 
Dmitri, and called him by the affec- 
tionate name, Mitjenka (15). While 
Mitjenka was still very young, his 
father, who was the director of the To- 
bolsk gymnasium, lost his sight be- 
cause of cataracts in both eyes. Al- 
though the government granted him 
a pension of one thousand roubles 
(about $500), this would not begin to 
feed and clothe his large family. It 
therefore fell to the lot of Maria Men- 
deléeff not only to care for her poor, 
blind husband and her eight children 
who were still dependent, but also to 
undertake a business career. The Kor- Henri Victor REGNAULT 
nileff family had founded the first glass- 1810-1878 
works and paper mill in Tobolsk, and French physicist and chemist. He 

é . made precise measurements of specific 
Maria Mendeléeff now became the di- heats and heats of fusion and vaporiza- 
rector of the former, serving, in spite pene ng bsg sem: yr ycotons 
of all her household burdens, as an radicals. Among his students may be 
efficient and successful executive (9), Mentioned Cannizzaro, Kekulé, and 
(21). Mendeléeff. 

As a child, Dmitri excelled in mathematics, physics, and history, but he 
never liked Latin. His first science teacher was his brother-in-law, Bas- 
sargin, a well-educated Russian who had been exiled for attempting to 
start a revolution (9), (25). Bassargin was one of the ‘‘Decembrists’’ who 
in December, 1825, made an unsuccessful attempt to overthrow the Em- 
peror Nicholas I. This famous uprising was stirringly depicted by Count 
Tolstoy in ‘‘War and Peace.” 

Dmitri completed the gymnasium course at the age of sixteen years, but 
shortly before his graduation a profound double tragedy had occurred. His 
helpless father had died of tuberculosis, and the glassworks had burned to 
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the ground. Maria Mendeléeff, then fifty-seven years old, secured horses 
and started out with her two youngest children for Moscow, hundreds of 


miles away. 


Unable to enrol Dmitri in the university because of insuffi- 


cient political influence, she went to Petrograd to interview Pletnoff, the 
director of the Central Pedagogic Institute and friend of her late husband, 
who succeeded in obtaining financial aid from the government and in 
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From Mendeléeff's ‘Principles of Chemistry,” Vol. 1 
MENDELEEFF’S PERIODIC TABLE OF THE ELEMENTS 
The groups are arranged horizontally instead of 
vertically. 


making it possible for 
Dmitri to begin his 
work in the department 
of physics and mathe- 
matics. 

A few months later 
Maria Mendeléeff laid 
down her heavy bur- 
dens, consoled in her 
last hours by the 
thought that her Dmitri 
was, after all, to have 


an education. Some. 


years later he wrote in 
the preface to his fa- 
mous book on solutions: 


This investiga- 
tion is dedicated to 
the memory of a 
mother by her 
youngest offspring. 
Conducting a fac- 
tory, she could edu- 
cate him only by 
her own work. 
She instructed by 
example, corrected 
with love, and in 
order to devote 
him to science she 
left Siberia with 
him, spending thus 
her last resources 


and strength. When dying, she said, “Refrain from illusions, insist 
Patiently: search divine and scientific 


on work, and not on words. 


truth.”’ 


She understood how often dialectical methods deceive, how 


much there is still to be learned, and how, with the aid of science 
without violence, with love but firmness, all superstition, untruth, 
and error are removed, bringing in their stead the safety of dis- 
covered truth, freedom for further development, general welfare, and 
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inward happi- 
ness. Dmitri 
Mendeléeff re- 
gards as sacred 
a mother’s dy- 
ing words. Oc- 
tober, 1887 (1). 


When Mendeléeff 
graduated from the 
Pedagogical Insti- 
tute, he received a 
gold medal for ex- 
cellence in scholar- 
ship. Between 1859 
and 1861 he worked 
with Regnault in 
Paris and with Bun- 
sen in Heidelberg. 
Upon returning to 
Petrograd in 1861, 


he was granted his 
J. HeyrovskS, Collection Czechoslov. Chem. Communications 


doctorate and was ; 
: DMITRI MENDELEEFF AND BOHUSLAV BRAUNER IN PRAGUE, 
appointed professor 1900 


of chemistry at the The latter is a professor of chemistry at the Bohemian 
: _ University of Prague. He has written a charming biographi- 
Technological In cal sketch of his friend, Mendeléeff, who once had the por- 


stitute. Eight years traits of Lecoq de Boisbaudran, Nilson, Winkler, and Brauner 
‘ _ framed together because they had contributed most toward 
later he became the the development of his periodic system. 


professor of general 
chemistry at the University of Petrograd. 

In March of the same year he presented to the Russian Chemical Society 
his famous paper on ‘‘The Relation of the Properties to the Atomic Weights 
of the Elements.’’ Mendeléeff's great merit as a discoverer lay in the 
boldness with which he asserted that the atomic weights of certain ele- 
ments which did not fit into his system had been incorrectly determined, 
and that new elements would some day be discovered to fit into the vacant 
spaces in the periodic table (30), (32). He even predicted the properties 
of a number of these undiscovered elements, and three of them, which he 
called ekasilicon, ekaaluminum, and ekaboron, were discovered during his 
lifetime, and are now known, respectively, as germanium, scandium, and 
gallium.* Thus he was able to say in his Faraday lecture in 1889: ‘‘The 
law of periodicity first enabled us to perceive undiscovered elements at a 
distance which formerly was inaccessible to chemical vision; and long ere 


* See Part XV. 





1602 JOURNAL OF CHEMICAL EDUCATION — Szpremserr, 1932 


they were discovered, new elements appeared before our eyes possessed of 
a number of well-defined properties” (5), (20), (28). Mendeléeff’s periodic 
table was more complete than any of the preceding ones, and more thor- 
oughly founded on experiment. 

He willingly recognized Lothar Meyer’s claim to independent discovery, 
He was asked to speak before the British Association in Manchester in 
1887, but, feeling unable to address the assembly in English, he simply rose 
and bowed. Lothar Meyer then rose to thank the English scientists for 
their hospitality, and, fearing lest a wrong impression be made, began with 
the modest words, “I am not Mendeléeff. I am Lothar Meyer.” He 
also was greeted with generous applause. In 1882 the Davy Medal had 
been awarded jointly to Mendeléeff and Meyer (7). 

Mendeléeff and his students contributed to all branches of chemistry, 
and his literary work was also of great value. His textbook, ‘‘Principles 
of Chemistry,’ although hastily written, was the best chemistry text in 
the Russian language, and for this reason the Petrograd Academy awarded 
him the Demidoff prize. It is written in a peculiar style, with the foot- 
notes occupying more space than the portion of the text in large type; 
yet, in spite of its strange appearance, it isa great chemical classic. He also 
investigated the Baku oil fields, the naphtha springs in the Caucasus, and 
the Pennsylvania oil fields (8). 

Mendeléeff had a keen appreciation of art and literature. He sometimes 
wrote articles on art, and his study was furnished with pencil sketches of 
Lavoisier, Newton, Descartes, Galileo, Copernicus, Graham, Mitscherlich, 
Rose, Chevreul, Faraday, Dumas, and Berthelot drawn by his wife. His 
favorite author was Jules Verne, and his chief consolation during his last 
illness was the reading of ‘“The Journey to the North Pole’ (9), (25). He 
died of pneumonia on Saturday, February 2, 1907, and in a telegram to the 
widow, Czar Nicholas said, “‘In the person of Professor Mendeléeff, Russia 
has lost one of her best sons, who will ever remain in our memory” (5). 
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THE DISCOVERY OF THE ELEMENTS. XV. SOME ELEMENTS 
PREDICTED BY MENDELEEFF* 


Mary ELVIRA WEEKS, THE UNIVERSITY OF KANSAS, LAWRENCE, KANSAS 


Three of the undiscovered elements whose properties Mendeléeff foretold 
in great detail, ekaaluminum, ekaboron, and ekasilicon, were discovered within 
fifteen years from the time of their prediction. The first was found by Lecog 
de Boisbaudran in France, the second by Lars Fredrik Nilson in Sweden, 
and the third by Clemens Winkler in Germany. These elements were named 
gallium, scandium, and germanium in honor of the respectwe countries in 
which they were brought to light. 


Die wirklich erfolgreiche Durchfuihrung anorganisch- 
chemischer Arbeiten ist nur demjenigen moglich, der nicht 
allein theoretischer Chemiker, sondern auch vollendeter 
Analytiker ist, und zwar nicht nur ein praktisch ange- 
lernter mechanischer Arbeiter, sondern ein denkender, 
gestaltender Kunstler (1). 

Reinheit der Substanzen ist die Feinheit des Ganzen (6). 


When Mendeléeff predicted that occupants would be found for the vacant 
spaces in the periodic system, and 
described in detail the characteristic 
properties of some of these unknown 
elements, he little dreamed that three 
of them would be discovered during 
his lifetime. 


Gallium 


One of these elements, which he 
called ekaaluminum because it was 
to be a member of the aluminum 
family, was soon brought to light by 
Paul Emile Lecoq de Boisbaudran. 
He was born in Cognac on April 18, 
1838, a descendant of the ancient 
Protestant nobility. His father and 
brothers were distillers, and Paul 
Emile also in time became a member LEcog DE BoIsBAUDRAN 
of the firm. His mother, a gifted, 1838-1912 


4 a : ei French chemist who discovered gal- 
well educated woman, taught him for lium, samarium, and dysprosium, and 
eign languages, the classics, and his- perfected methods of separating the rare 

: : earths. He ranks with Bunsen, Kirch- 
pary By studying the syllabi of the hoff, and Crookes as one of the founders 
Ecole Polytechnique, he acquired a _ of the science of spectroscopy. 





* Illustrations collected by F. B. Dains of The University of Kansas. 
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From Hofmann’s ‘‘Zur Erinnerung 
an vorangegangene Freunde”’ 
ADOLPH WuRTz 
1817-1884 


Professor of chemistry at the Ecole 
de Médecine in Paris. Discoverer of 
methyl and ethyl amine and of the syn- 
thesis of hydrocarbons from alkyl 
iodides and sodium. He studied the 
oxidation products of the glycols and 
the homologs of lactic acid. The 
proof of the elementary nature of 
gallium was demonstrated in his labo- 
ratory by Lecoq de Boisbaudran. 


splendid scientific foundation, espe- 
cially in his favorite branches, physics 
and chemistry. Throughout his life 
he was encouraged by the sympathy 
and intelligent aid of his entire family, 
for, according to Sir William Ramsay, 
their watchwords were “‘justice, kind- 
ness, and the sense of personal re- 
sponsibility.”” An uncle helped him 
to finance a small private laboratory, 
and it was there that ekaaluminum, 
or gallium, was discovered (2). 

The finding of this element was 
by no means accidental. Boisbau- 
dran had been studying spectra for 
fifteen years, and had found that in 
those emitted by several metals of 
the same family, the lines are re- 
peated according to the same general 
arrangement. Anxious to verify this 
law for the aluminum family, and to 
find the missing member between 
aluminum and indium, he reasoned 
that, since most minerals had al- 


ready been carefully analyzed, there 
was little hope of finding new elements among the essential constituents 
of these minerals. The difficulty of recognizing an unknown element 
present only as a trace did not escape him, for he said, ‘The un- 
certainty which inevitably reigns over the exact chemical reactions of a 
hypothetical substance, defined only by its position in a natural series, 
renders quite problematical a success founded solely on the direct applica- 
tion of these reactions calculated in advance; for the least error in predicting 
one of these can throw the substance being sought out of the analytical 
position which theory assigns to it” (3), (11). 

In February, 1874, Boisbaudran began to investigate some zinc blende 
from the Pierrefitte mine in the Argeles Valley in the department of Hautes 
Pyrénées (11), (13). When he dissolved the ore and placed metallic zinc 
in the solution, a deposit formed on the zinc. When he heated this deposit 
with the oxy-hydrogen flame and examined it with the spectroscope, he 
saw two lines that had never been seen before. These, however, did not 
appear when he heated the deposit simply with the Bunsen burner. 

The following account of the discovery was written by Boisbaudran him- 
self for Chemical News: 
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Between three and four in the 
evening of August 27, 1875, I 
found indications of the probable 
existence of a new elementary 
body in the products of the chemi- 
cal examination of a blende from 
Pierrefitte. The oxide, or perhaps 
asub-salt, is thrown down by me- 
tallic zinc in a solution containing 
chlorides and sulfates. It does 
not appear to be the metal itself 
which is reduced by the zine. .. . 

The extremely small quantity 
of the substance at my disposal 
did not permit me to isolate the 
new body from the excess of zinc 
accompanying. The few drops of 
zinc chloride in which I concen- 
trated the new substance gave 
under the action of the electric 
spark a spectrum composed 
chiefly of a violet ray, narrow, 
readily visible, and situate at 
about 417 on the scale of wave- 
lengths. I perceived also a very 
faint ray at 404 (4), (16). 


A month later Boisbaudran per- 
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Eemite-CL&MENT JUNGFLEISCH* 
1839-1916 


French chemist and pharmacist. 
Professor of organic chemistry at the 
Ecole Supérieure de Pharmacie and at 
the Collége de France. Although 
most of his ninety-nine papers were or- 
ganic or pharmaceutical in nature, he 
also made valuable contributions to the 





formed in Wurtz’s laboratory in Paris, 
in the presence of the chemistry sec- 
tion of the Institute, a series of experiments to prove that gallium, the metal 
he had discovered and named in honor of France, is a true element. In 
order that he might attempt to isolate the metal, the technical zinc-mining 
societies known as ‘‘La Vieille Montagne’’ and “La Nouvelle Montagne” 
presented him with a quantity of gallium minerals. 

Boisbaudran decomposed several hundred kilograms of the crude zinc 
blende in aqua regia containing excess hydrochloric acid. He also used a 
slight excess of blende in order that all the nitric acid might be consumed. 
After filtering off the insoluble matter, he placed sheets of zinc in the acid 
filtrate in order that the copper, arsenic, lead, cadmium, indium, thallium, 
mercury, selenium, silver, bismuth, tin, antimony, and gold might be de- 
posited. Before the acid had been entirely consumed by the zinc, Bois- 
baudran filtered off this spongy deposit. By adding a large excess of zinc 
to the filtrate, and heating the mixture for several hours on the water 
bath, he was able to precipitate the basic salts of zinc and the hydroxides 
of aluminum, iron, gallium, cobalt, and chromium. 

* The portrait of Jungfleisch was obtained through the kindness of Dr. Tenney L. 
Davis, Massachusetts Institute of Technology. 


chemistry of gallium and indium. 
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Although gallium sulfide does not precipitate from a solution of the pure 
salt, it is readily carried down with zinc sulfide. Boisbaudran therefore 
added ammonium acetate and acetic acid to the hydrochloric acid solution 
of the above precipitate, and passed in hydrogen sulfide. As long as the 
line Gaa (417.0) continued to show in the spectrum of the precipitate, he 
kept on adding zinc to the filtrate until finally all the gallium had been 
precipitated. 

By dissolving gallium hydroxide in caustic potash, and electrolyzing the 
solution with a current from five or six Bunsen cells, Lecog de Boisbaudran 
prepared more than a gram of gallium metal. This was first prepared in 
November, 1875. On December 6th he presented 3.4 milligrams of solid 
gallium to the Academy of Sciences, and three months later he presented a 
specimen of the liquid metal. Since gallium, when free from the solid 
phase, has a great tendency to remain in the superfused state, this specimen 
may have remained liquid even at a temperature below 30° Centigrade 
(17). -Boisbaudran and Jungfleisch afterward worked up four thousand 
kilograms of the blende at the Javel works, and obtained seventy-five 


grams of the metal (18). 


PROPERTIES PREDICTED FOR 
EKAALUMINUM (Ea) BY 
MENDELEEFF 


Atomic weight about 68. 

Metal of specific gravity 5.9; melting 
point low; non-volatile; unaffected by 
air; should decompose steam at red 
heat; should dissolve slowly in acids 
and alkalies. 

Oxide: formula Ea,O;; specific gravity 
5.5; should dissolve in acids to form 
salts of the type EaX;. The hydroxide 
should dissolve in acids and alkalies. 

Salts should have tendency to form basic 
salts; the sulfate should form alums; 
the sulfide should be precipitated by 
H.S or (NH,).S. The anhydrous chlo- 
ride should be more volatile than zinc 
chloride. 

The element will probably be discovered 
by spectroscopic analysis. 


PROPERTIES FOUND FOR 
BOISBAUDRAN’S 
Ga.iium (Ga) 


Atomic weight 69.9.* 

Metal of specific gravity 5.94; melting 
point 30.15; non-volatile at moderate 
temperature; not changed in air; action 
of steam unknown; dissolves slowly in 
acids and alkalies. 

Oxide: Ga,O;; specific gravity unknown; 
dissolves in acids, forming salts of the 
type GaX;. The hydroxide dissolves 
in acids and alkalies. 

Salts readily hydrolyze and form basic 
salts; alums are known; the sulfide is 
precipitated by HS and by (NH4).S 
under special conditions. The anhy- 
drous chloride is more volatile than zinc 
chloride. 

Gallium was discovered with the aid of the 
spectroscope. 


* The 1932 atomic weight of gallium is 69.72. 








In discovering this element Lecoq de Boisbaudran was guided, not by 
the periodic table and the predictions of Mendeléeff but by his own law of 
spectra (31). On November 22, 1875, however, the great Russian chemist 
stated in the Comptes rendus (15) that he believed gallium to be identical 
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with ekaaluminum (20). Further study of the properties of the new ele- 
ment and its compounds fully confirmed this view (19), as is evident from 
the foregoing table. 

Boisbaudran’s researches on the rare earths also yielded a rich harvest of 
results, for he discovered samarium and dysprosium (2). His investi- 
gations in the field of spectroscopy were also of high merit. 

Boisbaudran spoke English fluently, but without regard for fine distinc- 
tions, and he sometimes made the mistake of translating his French thoughts 
too literally. According to Sir Wil- 
liam Ramsay, he once startled his 
dinner partner, a dignified, elderly 
English lady, with the remark, ‘“The 
soup is devilish hot.”’ Like Berzelius, 
he married late in life. His contri- 
butions to science were cut short by 
the pain and disability resulting from 
severe anchylosis of the joints, but 
he stoically bore this misfortune for 
many years until death relieved him on 
May 28, 1912, at the age of seventy- 
four years (2), (12). 

Although gallium is one of the rarest 
of elements, it has an interesting use. 
Since it melts at about 30° Centigrade 
and boils at about 1700°, a gallium- 
in-quartz thermometer can be used 





. : LARS FREDRIK NILSON 
for measuring high temperatures far 1840-1899 


above the range of the ordinary mer- Professor of analytical chemistry at 


the University of Upsala and at the 
Agricultural Academy at Stockholm. 
S di Discoverer of scandium. His re- 
candium searches on soils and fertilizers trans- 

. ‘ formed the barren plains of his native 
Mendeléeff had predicted that  jgjand into an agricultural region. 


another element, which he called eka- | With Otto Pettersson he investigated 
boron and which he said would have ae ah a 
an atomic weight between 40 (calcium) 
and 48 (titanium), would some day be revealed (20). It was discovered in 
1879 by Lars Fredrik Nilson. He was born on May 27, 1840, in Oster Goth- 
land, was educated at Visby on the beautiful island of Gothland, and at the 
age of nineteen years went to Upsala to study biology, chemistry, and geology. 
Just as he was ready to take his examinations for the doctorate in 1865, 
he received word that his father had been stricken with apoplexy. Al- 
though Lars Nilson himself was then in very poor health, and suffering from 
frequent hemorrhages from the lungs, he immediately returned to Gothland 


cury-in-glass thermometer. 
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Island, took charge of the farm, purchased an engine and a threshing ma- 
chine, harvested the crops, and cheered and encouraged his sick father. 
After a few months, both father and son were in good health. Life in the 
open air had quickly cured Nilson’s lung trouble, and he enjoyed good 
health for the rest of his life (5). 

He returned to Upsala, passed his examinations successfully, and was 
placed in charge of the laboratory. Here, among Berzelius’ balances, 
blowpipes, and preparations, he became a true disciple of that great master, 
After completing some researches on the compounds of selenium, Nilson 
and Pettersson began to study the mineral euxenite, hoping to measure the 
chemical and physical constants of the rare earth elements and their com- 
pounds and thus to verify the peri- 
odic law. Although they never suc- 
ceeded in this, Nilson extracted sixty- 
three grams of the rare earth erbia 
from gadolinite and euxenite, and con- 
verted it into the nitrate. Upon de- 
composing this salt by heat, as 
Marignac had done, he obtained some 
very pure ytterbia and, to his great 
surprise, an earth that was unknown 
to him (21). 

Upon thoroughly investigating this 
new earth, he found that it contained 
an element whose properties coin- 
cided almost exactly with those which 

ERS ap re a aA mee Mendeléeff had predicted for ekabo- 

Four YEARS ron. Nilson called it scandium (22) 

This represents him as he appeared in honor of his fatherland, and it was 

in 1823 when the youthful Friedrich indeed appropriate that it should 
Wohler came to Stockholm to study . 

chemistry. be named for the little country where 

so many new elements had been dis- 

covered (6). The identity of scandium and Mendeléeff’s hypothetical eka- 

boron was pointed out by Per Theodor Cleve (20), (25). The table on 

p. 1611 shows the predicted and observed properties of this element (19). 

The spectra of scandium and ytterbium were first studied by Tobias 
Robert Thalén (22), (32). Although scandium salts possess no absorption 
spectrum, the element may be detected by means of spark and arc spectra 
(24). The atomic weights of both these elements were soon determined by 
Nilson (23). 

From 1878 to 1883 Nilson served as professor of analytical chemistry at 

* Reproduced from H. G. Séderbautn’s “Jac. Berzelius—Levnadsteckning,” by 
kind permission of the author. 
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INSIDE THE City WALL oF VISBY* 


Lars Fredrik Nilson, the discoverer of scandium, received his early education in this 
beautiful old city. 


PROPERTIES PREDICTED FOR 
EKABORON (Eb) By 
MENDELEEFF 


Atomic weight 44. 

It will form one oxide Eb,O; of specific 
gravity 3.5; more basic than alumina, 
less basic than yttria or magnesia; not 
soluble in alkalies; it is doubtful if it 
will decompose ammonium chloride. 

The salts will be colorless and give gelati- 
nous precipitates with potassium hy- 
droxide and sodium carbonate. The 
salts will not crystallize well. 

The carbonate will be insoluble in water; 
and probably precipitated as a basic 
salt. 

The double alkali suifates will probably 
not be alums. 

The anhydrous chloride, EbCl;, should be 
less volatile than aluminum chloride, 
and its aqueous solution should hy- 


drolyze more readily than that of mag- ° 


nesium chloride. 
Ekaboron will probably not be discovered 
spectroscopically. 


PROPERTIES FOUND 
FOR NILSON’S 
Scanpium (Sc) 


Atomic weight 44.f 

Scandium oxide, Sc.O3, has a_ specific 
gravity of 3.86; is more basic than 
alumina, less basic than yttria or mag- 
nesia. It is not soluble in alkalies and 
does not decompose ammonium chio- 
ride. 

Scandium salts are colorless, and give 
gelatinous precipitates with potassium 
hydroxide and sodium carbonate. The 
sulfate crystallizes with difficulty. 

Scandium carbonate is insoluble in water, 
and readily loses carbon dioxide. 

The double alkali sulfates are not alums. 

Scandium chloride, ScCl;, begins to sub- 
lime at 850°. Aluminum chloride be- 
gins to sublime above 100°. In aqueous 
solution the salt is hydrolyzed. 

Scandium was not recognized by spectrum 
analysis. 


* Photo by Miss Mary Larson, Dept. of Zodlogy, The University of Kansas. 
} The 1932 atomic weight of scandium is 45.10. 
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the University of Up- 
sala, but in his later 
years he taught at the 
Agricultural Academy 
at Stockholm. He 
found that the sterility 
of the calcareous moors 
of his native island 
was caused by lack of 
potash. After liberal 
use of kainite fertilizer, 
recommended by Nil- 
son, Gothland Island 
began to yield good 
crops of sugar beets (6). 

Nilson’s long hours in 
the laboratory left him 
little time for recrea- 
tion, but his brief 
periods of relaxation 
were free from worry. 
Otto Pettersson, profes- 
sor of chemistry at the 
University of Stock- 
holm, once said of him: 











OLp APOTHECARY SHOP AT VISBY* 


Whilst it was customary, in the private laboratory where Nilson 
presided, to enliven the hours of work with conversation, anecdotes, 
puns, occasionally by a song, etc., it was considered unfitting to intro- 
duce scientific matters into the conversation of leisure hours. Nilson 
positively did not admit it, and woe to him who dared to speak of 
political or philosophical matters when Nilson intended to be merry. 
And he was always merry when he was with his friends, the merriest 
of them all. He had a thousand devices for putting a stop to a con- 
versation which threatened to take a tiresome turn. He would, for 
example, sit listening for a while with a grave face, and then interpose 
with a short nonsensical observation, delivered with great solemnity 
in the accents of some political or scientific worthy of pedantic fame, 
while a gleam of fun shot forth from under his heavy, dusky eyebrows. 
The effect was irresistibly comic, so much the more as it came un- 
foreseen. His hearers were at first puzzled, then one chuckled, another 
laughed, and in a minute the impending political or philosophical 
discourse was drowned in a chorus of laughter in which Nilson’s voice 
at last joined in accents swelling like big waves and rollers of an ocean 
of mirth (5). : 


* Photo loaned by Miss Mary Larson, Dept. of Zodlogy, The University of Kansas. 
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Like all successful analysts, Nilson 
had a passion for neatness and order, nc Pe Oe 
and his motto, ‘“‘Reinheit der Sub- a 
stanzen ist die Feinheit des Ganzen,” 
is well worth remembering (6). He 
died on May 14, 1899, at the age of 
fifty-nine years. 





Germanium 


A third element that Mendeléeff 
had predicted was to be a member 
of the silicon family (20). This 
“ekasilicon’’ was discovered in 1886 
by Clemens Winkler, who named it 
germanium in honor of his father- 
land. Thus the three ‘‘nationalist’’ 
elements—gallium in France, scan- 
dium in Sweden, and germanium in 








From Hasselberg’s, ‘‘Biografier. T. R. Thalén”’ 


Germany—were all discovered within Topias Ropert THALéN 

fifteen years after their prediction 1827-1905 

by the great Russian chemist. Al- Swedish physicist, astronomer, and 
spectroscopist. He mapped the spectra 


though Mendeléeff was the first of yttrium, erbium, didymium, lantha- 

; : num, scandium, thulium, and ytter- 
gem to describe the P enpeane of bium, and in 1866 wrote a historical 
ekasilicon, the gap in the periodic review of spectrum analysis. He also 


table had been observed about studied the magnetic properties of iron 
3 and iron ores. 

seven years before by the English 

chemist, Newlands, who had noticed that silicon and tin form the 

extremities of a triad, the middle member of which was missing (29). 

Clemens Alexander Winkler was born at Freiberg on December 26, 1838, 
but grew up in Zschopenthal, a village in the Saxon Erzebirge where his 
father, Kurt Alexander Winkler, operated a smalt works. Kurt Winkler 
was himself a well-known chemist and metallurgist, who had studied under 
Berzelius and Sefstrém, and had fitted up an excellent metallurgical labora- 
tory in the smalt works (7), (30). 

Since the son soon learned to love Nature, his father taught him to iden- 
tify and classify plants, animals, and minerals. The boy, however, never 
acquired a passion for collecting. He wanted to learn as much as possible 
about each specimen, but had no desire to own it. At the age of twelve 
years he entered the Freiberg gymnasium, where he studied mineralogy 
under August Breithaupt. Winkler did not like foreign languages, but 
nevertheless acquired such a thorough mastery of his mother tongue that 
his scientific papers are valued, not only for their genuine scientific merit, 
but also for their beautiful, faultless German (7). 
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He continued his education at the wed 
Realschule, or scientific school, at clai 
Dresden and at the Gewerbeschule, lim 
or technical school, in Chemnitz, I 
spending the vacations in his father’s at t 
laboratory. When he entered the mel 
Freiberg School of Mines in 1857, he ore 
already knew more analytical chem- bac 
istry than was taught there, and be- Fre 
cause of this thorough preparation and gy! 
his sound constitution, he was able to Ric 
make remarkable progress in research nat 
without missing any of the dances and ma 
gay parties so dear to a student's of | 
heart (7). cor 
His paper on the reactions that take me 
CLEMENS ALEXANDER WINKLER* ; 
1838-1904 place in the Gay-Lussac towers of the 
Professor of chemistry at the Frei- | sulfuric acid plants resulted from his qu 
berg School of Mines. Pioneer inthe successful experiments on the absorp- lisk 
analysis of gases. Manufacturer of : ered 
nickel and cobalt. Hediscoveredthe tion of obnoxious sulfur dioxide fumes Wi 
element germanium and made pioneer = from an ultramarine plant. In order sin 
researches on indium. 
to analyze the gases, he invented the lov 
Winkler gas buret with a three-way stopcock, and perfected his own cor 
methods. In the meantime he made his living by producing nickel and ] 
cobalt on a commercial scale. a 
In 1873 he accepted a position as or, ae ne\ 
professor of chemical technology and Se mo 
analytical chemistry at Freiberg. G. LP OIE TS sul 
D. Hinrichs once said, ‘“The perfec- PV ae e ¥ the 
tion of the analytical work of Winkler f . mo 
astonished me till I found the name wale ha 
of his father, Kurt Winkler, in the list ay % pre 
of special students of Berzelius’’ (8). he em, litt 
Winkler, who had learned neatness x ' sul 
from his father, soon transformed the a he 
slovenly laboratories, and trained his 
students to work so carefully that mc 
rubber aprons were not needed. One PORTRAIT MEDALLION OF BERZELIUS BY 18: 
day, when a new student appeared, ' _-Davip p’ANGERS, 1835+ be! 


* This photograph of Winkler was made by Dr. O. Brunck, Rector of the Freiberg 

School of Mines, who graciously sent Dr. Dains a copy. kin 
+ Reproduced from H. G. Séderbaum’s “Jac. Berzelius—Levnadsteckning,” by 

kind permission of the author. led 
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wearing a large apron, Winkler ex- 
claimed, ‘‘And so you’re going to mix 
lime” (7). 

In the fall of 1885 there was found, 
at the approach of a vein in the Him- 
melsfiirst mine near Freiberg, a new 
ore which the discoverer, Albin Weis- 
bach, a professor of mineralogy at the 
Freiberg School of Mines, named ar- 
gyrodite (28). Hieronymus Theodor 
Richter, the chemist who with Ferdi- 
nand Reich had discovered indium, 
made a qualitative blowpipe analysis 
of the argyrodite, and found that it 
contained silver, sulfur, and a trace of 
mercury (27). Professor Weisbach 
then asked Winkler to make athorough 
quantitative analysis in order to estab- Niis GABRIEL SEFSTROM* 
lish the composition of the mineral. 1787-1845 


. ’ . Director of the School of Mines at 
Winkler’s results were consistent, but, Vali Geden, Dlenbiaan oF the 











since they invariably came out 77% too element vanadium, which was later 


low, he concluded that the ore must Shown to be identical with del Rio’s 
erythronium.” Fora brief biographi- 


contain an unknown element? (26). cal sketch of Sefstrém, see Part VII 

Believing that the mineral must be = agg 9 aT-8 ( May 10 CHEM. 
a sulfo salt of silver and that the 
new element must belong in the same analytical group with arsenic, anti- 
mony, and tin, he fused a pulverized portion with sodium carbonate and 
sulfur, took up the melt with water, and filtered off the residue. By making 
the filtrate slightly acidic with hydrochloric acid, he precipitated and re- 
moved the sulfides of arsenic and antimony. Now, since the new element 
had not been removed with any of the precipitates, it would have to be 
present in the filtrate as a sodium sulfo salt. Yet when Winkler added a 
little more hydrochloric acid, a precipitate containing free sulfur, but no 
sulfide, was thrown down. Even upon evaporating the filtrate to dryness, 
he obtained nothing but sodium chloride. 

Unwilling to submit to this failure, Winkler toiled incessantly for four 
months, thinking constantly of the elusive element. On February 6, 
1886, he filtered off the precipitated sulfur as he had done so many times 
before and, reckless with discouragement, poured into the clear filtrate a 


* Reproduced from H. G. Sdéderbaum’s “Jac. Berzelius—Levnadsteckning,” by 
kind permission of the author. 
+ The reader will recall that similar results obtained in the analysis of petalite 


led Arfvedson to the discovery of lithium in 1818. 





1616 JOURNAL OF CHEMICAL EDUCATION — SEpTemser, 1932 


large quantity of hydrochloric acid. To his great delight a heavy, flaky, 
white precipitate immediately appeared (9). This substance, the sulfide 
of the new element, dissolved readily in ammonium hydroxide, and precipi- 
tated again upon addition of a large excess of hydrochloric acid, for it has 
a most surprising property: it is quite insoluble in concentrated acids, yet 
readily soluble in water and dilute acids (7). 

The new element, which he called 
germanium, was isolated by heating 
the dry sulfide in a current of hydro- 
gen. . The gray, metallic powder 
was found to be less volatile than 
antimony, but the volatility of the 
chloride explains why Winkler ob- 
tained nothing but sodium chloride 
when he evaporated the filtrate from 
the precipitated sulfur. The ger- 
manium chloride had all been lost 
as vapor. The ore argyrodite is now 
known to be a double sulfide of silver 
and germanium, GeS,-4AgoS. 

Winkler thought at first that 


germanium was a mietalloid like 
antimony and arsenic, and that it 
would be found to be identical with 
Albin Weisbach” —§ Mendeléeff’s predicted ekastibium, 


From Goldschmidt’s “Erinnerungsblaitter an 





ALBIN WEISBACH 
1833-1901 


German mineralogist, crystallogra- 
pher, and physicist. Discoverer of 
argyrodite, the mineral in which Clem- 
ens Winkler afterward discovered ger- 
manium. He wasason of Julius Weis- 
bach, the distinguished mining engineer, 
and a student of Ferdinand Reich, the 
discoverer of indium. 


an element which ought to lie 
between antimony and _ bismuth. 
The scientific world immediately 
became interested in the new ele- 
ment. On February 26th Men- 
deléeff contributed to the Berichte 
der deutschen chemischen Gesellschaft 


a list of properties which the new 
element would have to have in order to fit into the space between antimony 
and bismuth. He thought it more likely, however, because of the solu- 
bility of the chloride in water and because of the white color of the sulfide, 
that germanium was ekacadmium, an element between cadmium and 
mercury. At the same time Victor von Richter of Breslau wrote to 
Winkler saying he believed germanium to be ekasilicon, the lowest homo- 
log of tin, an undiscovered element between gallium and arsenic. Two 
days later Lothar Meyer said in the Berichte that he, too, believed ger- 
manium to be the longed-for ekasilicon, and that he had already expressed 
that opinion te his advanced students (7). 
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Winkler’s months of discouragement were ended, and he worked joy- 
ously, stimulated by the interest and encouragement of these eminent 
chemists. A vast amount of work remained to be done, and the obtaining 
of sufficient quantities of germanium compounds became increasingly diffi- 
cult. Pure argyrodite contains only 7 per cent. of germanium, the rich 
ore had been exhausted, and Winkler was obliged to work up large quan- 
tities of the low-grade ore. He had at first hoped to strike richer deposits of 
argyrodite, and had therefore been too generous with his valuable germanium 
compounds. Nevertheless, he finally obtained convincing proof that 
germanium is the ekasilicon predicted by Mendeléeff in 1871. In the 
following table the predicted properties of ekasilicon are compared with the 
actual properties of germanium: 


Ekasilicon Germanium 
(Es) (Ge) 

Atomic weight 72 72.32* 
Specific gravity 5.5 5.47 
Atomic volume} 13 13.22 
Valence 4 -t 
Specific heat 0.073 0.076 
Specific gravity of dioxide 4.7 4.703 
Molecular volume of dioxide 22 22.16 
Boiling point of tetrachloride under 100° 86° 
Specific gravity of tetrachloride 1.9 1.887 
Molecular volume of tetrachloride 113 113.35 





* The 1932 atomic weight of germanium is 72.60. 


Mendeléeff had made only one mistake in his prophecy. He had thought 
that ekasilicon, like titanium, would be difficult to liquefy and volatilize. 
Lothar Meyer, who had disagreed with him on this point, proved to be 
correct. Winkler afterward said that germanium contradicted all ex- 
pectations in its occurrence in nature. He said that he might have ex- 
pected to find it combined with oxygen and accompanied by titanium and 
zirconium in rare Scandinavian minerals, but would never have thought 
to look for it in silver mines among the related compounds of arsenic and 
antimony (10). 

Clemens Winkler made brilliant contributions both to pure and applied 
chemistry, and had many interests beyond the chemical field. Like Davy 
and Ekeberg, he had poetic ability, and many of his songs are preserved 
in the songbook of the Freiberg Academy. O. Brunck says that these were 
written in good form and with well-chosen words (7). For the entertain- 
ment of his guests, Winkler often used to write humorous chemical verses for 
them to sing while he played a gay accompaniment on almost any instru- 
ment they might prefer. He resigned his professorship in 1902, and died 
of carcinoma on October 8, 1904. His name will always be honored wher- 
ever true scientific greatness is appreciated. 
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ADAPTING ELEMENTARY CHEMISTRY TO GIRLS’ INTERESTs 


Amy LEVESCONTE, BAYLOR COLLEGE, BELTON, TEXAS 


An elementary chemistry course may be adapted to interest girls by the use of 
illustrations and applications relating to their home life. Suggestions are given 
for several familiar and interesting applications that help to explain difficult 
topics. Many of the chemical and physical properties of metals are easier 
to learn when included under such topics as “Baking Powders,” “Softening 
Water,” or ‘‘Qualitative Analysis for Ions Important in Foods.”’ 


The value of a knowledge of chemistry in the every-day life of girls is 
unquestionable. Every activity of their daily life, their food, clothing, and 
shelter, involve problems of chemistry if their eyes are opened to the fact. 
Because of the importance of the subject several courses in chemistry are 
always required of students of home economics and nursing, and at least an 
elementary course is recommended for all girls who wish a well-rounded 
education. It is a regrettable fact, however, that many girls find 
elementary chemistry uninteresting and difficult because the subject matter 
is strange and seems impractical. Through the maze of formulas, equations, 
and problems, they do not see the applications in their daily life that are so 
evident to the more experienced person. 

Since the theoretical matter in chemistry is necessarily new and difficult 
for most students, every means possible should be used to relate it to their 
previous experience by the constant use of familiar illustrations and applica- 
tions. Many of the industrial applications of chemical principles that are 
often used as illustrations are as unfamiliar to the girls as the theoretical 
topics and only add to the strangeness of the subject. Applications of this 
type are unnecessary, however, since in the girls’ own environment, in their 
school and home, and especially in their kitchens, their daily experiences 
furnish countless illustrations of the chemical principles most important 
to them. It is because chemistry does apply to every phase of home life 
that home economics students are required to study it. When home 
applications are used to illustrate difficult topics throughout the course, the 
theories become simpler and have more meaning, and the students find 
chemistry interesting and practical from the first. 

For example, in the study of the metric system, when the liter is com- 
pared to a quart and the cubic centimeter to ‘‘one-fifth of a teaspoon,” 
these terms are more real than when expressed simply as ‘‘units of volume.” 
The idea of buying dress goods in Paris or candy in Mexico also helps to 
give the metric units a tangible meaning. The significance of expressing 
the energy values of foods in calories becomes evident for the first time to 
many girls when they learn the derivation of the term ‘“‘calorie.”” After 
this explanation they are invariably interested in the action of the calo- 
rimeter. 
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One may distinguish between physical and chemical changes by compar- 
ing the changes in properties that take place in sugar when it is made into 
fondant or candy, and those that occur when it is burned to carbon. The 
transformation of chemical energy into heat when wood or coal burns may 
be compared to the transfer of heat energy in the boiling and freezing of 
water. In studying mixtures and compounds, baking powders may be 
shown to be mixtures—a fact that may be noted on the labels of their 
containers. They may be compared to the compound, baking soda, with 
the chemical name, sodium bicarbonate, different brands of which are alike 
except in purity and care in preparation. In a similar way sugar and salt 
may be classed as compounds, while flour, milk, ink, cold creams, face 
powders, and tooth pastes are undoubtedly mixtures. 

The subject of solutions is often difficult when only those solutions of 
unfamiliar compounds on the chemistry shelf are considered. Sugar solu- 
tions, however, are familiar in many forms and furnish illustrations of every 
type of solution. Dilute and concentrated solutions may be compared to 
sweetened water and thick sirup. Saturated solutions are familiar to 
every one who has tried to sweeten fruit drinks. The girls know that when 
the temperature of water is raised the solubility of the sugar is increased. 
Most of them have prepared supersaturated solutions of sugar in making 
fudge or sirup. They have probably noted the tendency of the excess 
solute to precipitate or crystallize from the supersaturated solution, and 
have learned that either stirring the solution or leaving undissolved sugar 
on the sides of the vessel hastens the crystallization. 

The effect of the concentration of sugar on the boiling point or freezing 
point of a solution may have been noted in making candy or in freezing ice 
cream. Thus, the concept of molar concentration has an immediate 
application in the kitchen. ‘The use of alcohol in automobile radiators, and 
the detection of added water in milk by determining the freezing point are 
other familiar applications of the effect of molar concentration. 

In studying the gas laws and the different states of matter many valuable 
illustrations may be drawn from the kitchen and home. Most girls have 
observed that water increases in volume when it is heated in a kettle, and 
have noted that the metal parts of a stove contract when cooled. Many of 
them have seen cakes, cream puffs, or popovers, which have risen to many 
times their original volume in the oven, collapse when they are cooled. 
All of these facts help to interest them in the relation between the volume of 
agas and its temperature. The effect of increased pressure on the volume 
of a gas may be compared with the effect of pressure on the volume occu- 
pied by any loosely packed material such as clothes in a trunk or leaves in a 
basket. This analogy is also helpful when Boyle’s law is explained in 
terms of the kinetic theory. 

An explanation of the action of the pressure cooker and the electric 
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refrigerator, the effect of an alcohol bath in cooling a patient, the use of dry 
ice, and the relative humidity in different seasons helps to make the study 
of changes in state simpler as well as more practical. 

The topic of acids, bases, and salts is always of interest if one recalls 
the familiar examples in the home. Many of the properties of acids and 
bases are illustrated in the kitchen. The sour taste of acid fruits and 
vinegar and the alkaline taste of baking soda are known. Many girls have 
noticed that grape juice is an indicator like litmus, turning a red color in acid 
lemonade and blue in alkaline dish water. The relation between the red 
and blue pigments of flowers may be demonstrated by grinding the petals 
and testing the extracted color with acids and bases. Some have found 
their wool dresses spotted with another color from acids or bases and 
are interested to learn how the original color may be restored by neu- 
tralization. 

The reaction of acids on carbonates is illustrated by the reaction between 
sour milk and baking soda. It is often helpful to prepare a baking powder 
from the dry solids, tartaric acid and sodium bicarbonate. The fact that 
no reaction occurs until water is added demonstrates the necessity of a 
solvent in order that acids may exhibit their characteristic properties. This 
fact may then be used to introduce the subject of ionization. 

Aluminum and iron are affected by acids in the kitchen as well as in the 
laboratory. The relation between the electrochemical series and the ease 
of corrosion of metals is both practical and interesting. The action of 
steam on zinc (galvanized iron) and the action of alkalies on both aluminum 
and zinc is a new and interesting idea to girls who have had to clean these 
metals. Because aluminum is above iron in the e. m. f. series some of the 
iron present in foods cooked in aluminum utensils may be displaced and 
precipitated by the aluminum, thus substituting a useless mineral in the 
food in place of an important one. The fact that silver and gold are not 
easily corroded may be deduced from a study of the e. m. f. series.. This 
inactivity makes them valuable as metals, and explains their discovery 
and use early in history. 

Bases are less familiar than acids to the average student, though most of 
them have used either ammonia water or lye. The fact that alkaline 
solutions tend to destroy protein matter such as wool, silk, or their own skin 
is especially interesting when they learn that most washing powders are 
alkaline in reaction. The reaction of bases with fat to form soap explains 
why alkaline solutions are useful for cleaning greasy articles. 

The topic of hydrolysis shows why washing powders, usually mixtures 
of sodium carbonate and borax, are alkaline, and why even baking soda, an 
acid salt, has a basic reaction. Many girls have used ammonia water or 
borax in cleaning, and have used baking soda to neutralize the acid in sour 
fruit, or possibly in a bee sting. 
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The concept of hydrogen-ion concentration is always most easily intro- 
duced in terms of the “‘sourness,”’ possibly by comparing the taste of various 
fruits, or of hydrochloric and acetic acids. It is noted that it is the hydrogen 
ions that cause the sour taste and, that just as the saltiness of one solution 
depends on its concentration of salt, and the sweetness of another solution 
depends on its concentration of sugar, the sourness of an acid depends on the 
hydrogen-ion concentration. The effect of the alkalinity or low hydrogen- 
ion concentration of washing powders and soaps on protein has been sug- 
gested. Girls with experience in cooking are interested in the effect of the 
pH value of a mixture of baking soda and sour milk, or of baking powders, 
on the disintegration of the protein matter in doughs and batters. It may 
be noted that the pH value of tomato soup, gelatin desserts, and jelly 
affects both the texture and taste of the product. It is also interesting to 
note that the gastric juice, the intestinal contents, and the blood all have 
optimum pH values which must be kept constant by the action of buffers. 

It is in the study of the colloidal state that students become most 
interested in the practical applications of chemistry to their daily life. 
Learning the true nature of pearls and opals, of fog and smoke, and of foods 
and their own bodies adds romance to the practical. The laws that 
govern crystal growth find an application in making creamy fondant or in 
freezing ice cream. Protective colloids are used in marshmallows, divinity 
candy, and ice cream. The principle of adsorption is illustrated in the use 
of fine powders to remove stains and in the precipitation of muddy coffee 
by egg white. The idea of precipitating fog or smoke by electrical methods 
always excites interest and gives the other applications of electrophoresis 
more meaning. The absorption of food in the intestines is the most im- 
portant illustration of dialysis. The effect of pH value on the hydration of 
protein is important in cake batters, bread doughs, omelets, gelatin dishes, 
jellies, and meats, and is also an explanation of various pains in the body 
ranging from bee stings to nephritis. The properties of emulsions and the 
action of emulsifying agents find practical application in the preparation of 
mayonnaise and French dressing as well as in gravies and rich pastries. 
The action of soap in cleaning is enlightening to many. The similarity 
in the separation of sour milk into curds and whey, the sweating of jellies, 
the curdling of custards, and the aging of the body is also interesting. 

While the use of illustrations of this type aids materially in making an 
elementary chemistry course interesting and useful to girls, it is also helpful 
to adapt the subject matter to their needs as far as possible. Many of the 
topics that are often emphasized in inorganic chemistry, such as the prepa- 
ration, properties, and commercial uses of each of the several important 
inorganic compounds, and the history and metallurgy of each separate 
element, have a minimum of interest to girls. It is often profitable to 
neglect these topics in favor of certain theoretical subjects that give the 
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student a better appreciation of science and its importance in their own 
daily life, and at the same time a better preparation for the advanced 
courses. 

Many of the important reactions of inorganic compounds may be intro- 
duced profitably in a complete study of certain topics on which these re- 
actions find application. For example, the topics “Baking Powders”’ and 
“Softening Waters’’ seem more interesting and useful from a student’s 
viewpoint than ‘“The Calcium Family” and ‘‘The Sodium Family,” al- 
though many of the same reactions are included in both types of subjects. 
A simple method of analyzing an unknown mixture for the ions that are 
most important in our foods and bodies will include many of the most im- 
portant reactions of these elements and will teach them in a way that is 
both interesting and helpful for retention. 

When girls become interested in the elementary chemistry course and 
realize that each topic they study opens to them new vistas of learning that 
relate to every phase of their life, they are willing and anxious to master 
the formulas, problems, and new theories in anticipation of understanding 
more of the life and experiences about them. Memorizing valence and 
studying the structure of the atom and the arrangement of the elements in 
the periodic table are not too difficult to be worth while when the girls have 
reason to believe that they will soon be able to apply them. In this way 


the proper choice of illustrations and applications makes it possible to teach 
more of the actual theory of chemistry and at the same time increases its 
usefulness and interest. 
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A NATURAL PERIODIC SYSTEM INCLUDING THE RARE 
EARTHS* + 


J. E. SrarecK, THE UNIVERSITY OF KANSAS, LAWRENCE, KANSAS 


A periodic table is presented and its arrangement is discussed from the 
standpoint of degree of similarity in physical properties of the elements. The 
system is termed a natural one since the position of each element 1s largely 
determined from physical relationships. The rare earths are arranged in a 
“V-shaped” group in which relations with each other as well as with other 
elements are supported by actual data. The Fe, Rh, and Pt metals are ac- 
commodated by a similar grouping. 


Ever since the memorable work of Mendeléeff in 1870 chemists and physi- 
cists have sought improvements in the periodic system of the elements. 
With the increasing knowledge of the rare-earth metals in recent years, 
naturally more attention has been given to their position in the periodic 
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FIGURE | 


system, and many types of configurations have been presented, of which 
the more prominent are represented by spirals (1), (2); cylinders (3), (4); 
space models (5), (6); spheres (7); and other geometrical figures (8), (9), 
(10). 

The writer’s observation is that in previous tables, classification of the 
elements is based more on their similarity than on their degree of similarity 
in properties. In the following classification (Figure 2) an attempt is made 

* Presented before the Kansas Academy of Science, April 24, 1931. 
+ Thanks are due Dr. Robert Taft for his helpful suggestions during this investiga- 
tion. 
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to show the degree of similarity between elements of main groups and sub. 
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groups, as well as to 
classify the rare earths, 
The system may be con- 
sidered a natural one since 
the position of each ele- 
ment is largely determined 
by physical relationships, 

The arrangement in Fig- 
ure 2 is an outgrowth of 
Figure 1 in which the ele- 
ments are grouped into the 
well-known periods based 
on atomic structure, the 
order being, of course, ac- 
cording to Moseley’s 
atomic numbers. Here 
(Figure 1) a simple division 
between metals and non- 
metals is effected by the 
diagonal line through B, 
Si, As, Te, and (85), 7. ¢., 
the border-line elements. 
The relationships between 
similar elements are rep- 
resented by horizontal 
and vertical lines. That 
is, the inert gases are found 
at the top of the diagram, 
followed by the halogens 
and so on, while the alkali 
metals are found on a zig- 
zag line at the bottom. 
The rare earths are taken 
care of in the sixth period 
which, of course, consists 
of thirty-two elements. 
Ce and Th are subgroup 
members of Ti, Zr, Hf, 
just as the latter are sub- 
group members of the 
carbon elements. 


To prevent duplication, other relationships, especially those of the rare 
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earths, will be discussed more appropriately in connection with Figure 2, 
which is essentially the same as Figure 1 except that the position of each 
element is determined by its degree of similarity to succeeding elements of 
the family. For example, in Figure 2, Na is so placed that its relation 
to K is shown more prominently than to Cu, and similarly Cl is placed more 
nearly with Br than with Mn, andsoon. The elements of main groups are 
connected by continuous lines which are also more nearly vertical than the 
subgroup broken lines. Relations between periods 2 and 3 consisting of 
eight elements each are represented by parallel vertical lines since no sub- 
groups enter. This is also substantiated by their degree of similarity in 
physical properties (see Figure 4). Also periods 4 and 5 which contain 
eighteen elements each are related similarly, but between periods 3 and 4 
a new group of elements enters and it must be taken into account. 

Na is more nearly like K than like Cu, both chemically and physically, 
although there are some physical differences (see Figure 3). Mg is some- 
what more like Ca than Zn but the relation diminishes, a fact which is 
represented in Figure 2 by the decreasing slope of the lines from left to 
right until, after we pass Al which is almost as much like Ga as Sc, we come 
to Si which is slightly more like Ge than Ti. P is increasingly more like 
As than like V although the latter possesses all the common valences of 
P and in addition the common valence of two. The next element S is 
distinctly like Se while its similarity to Cr exists practically only in the 
maximum valence, that is, in compounds of the chromates and bichromates 
as compared with the sulfates and pyrosulfates. Cl also is related to 
Mn in the maximum valence only, while it is very much like the other 
halogens. 

When we come to argon we see hardly any resemblance to Fe, Co, and 
Ni. The inert gases have only a valence of zero but, theoretically, we 
assume that eight would be a probable valence if any other were exhibited, 
and eight is the maximum valence of Fe, Co, and Ni—octavalent com- 
pounds of which have been prepared by Goralivich (11). Octovalency 
for Ru and Os is well established. Along this line it might be pointed out 
that a theory has been proposed by Lansing (12) in connection with pas- 
sivity of metals and inert gas structure. Thus Lansing suggests that under 
normal conditions the electrons of Fe, for example, are thought to be dis- 
tributed among the energy levels as 2, 8, 14, 2, but under strong oxidizing 
action the arrangement may become 2, 8, 8, 8, a structure analogous to 
that of the inert gases and the Fe becomes passive and diamagnetic like 
them. Passivity, however, does not limit itself to Fe, Co, and Ni but Cr 
and Mn are also commonly passive and their structure may be explained 
similarly. Finally, from the standpoint of codrdination valences carbonyl 
compounds of Fe, Co, and Ni are supposed to form as Fe(CO)s5, Co2(CO)s, 
Ni(CO),, rather than Fe(CO),, Co(CO)s, Ni(CO), in order to make the 
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stable inert gas structure (13), (14), that is, if two electrons are associated 
with each CO group then five carbonyls will bring Fe to the Kr structure 
and four will bring Ni to the same. Here again carbonyls are not limited 
to Fe, Co, and Ni but Cr and Mn must also be considered. While these 
latter elements have not been studied sufficiently to determine conclu- 
sively their possible carbonyl compounds, Mo, a member of the Cr family, 
has been found to form the compound Mo(CO). which again is nicely ex- 
plained by coérdination valences to have the inert gas structure. Such 
compounds as KePtCls, Pt(NH3)sClu, KsFe(CN)s, Co(NHs3)6Cls, and other 
diamagnetic compounds of the ‘“‘V-shaped”’ groups may be explained simi- 
larly (15). Of the many compounds formed by the “V-group”’ metals 
only the above types are diamagnetic; 7. e., those which seem to have the 
inert gas structure and, since the inert gases are diamagnetic, a remote 
relationship between these elements probably exists. 

In period 3 it will be noted that after Al is passed the main group shifts 
from the left to the right side of the chart. Similarly in period 5 when we 
pass the Al member Y, which is slightly more like La than Lu (explained 
later), we come to Zr which is less like Ce than Hf. Thus it seems that 
when a new group of elements appears it does so following the Al member. 
For example, following Sc is the Ti-Ga subgroup; following Y is the Zr-In 
subgroup; and following La is the rare-earth group which apparently is 
just a secondary subgroup, for all the rest of the elements following the 
rare earths occupy positions similar to those of elements in period 5. In 
period 7 the appearance of another rare earth group does not present itself 
after the Al member Ac is passed, and since the elements Th, Pa, U classify 
themselves with Hf, Ta, W, it is assumed that not over eighteen elements 
can exist in period 7 and possibly less than this number. This assumption 
is also suggested from Figure 3. 

The rare-earth group, arranged practically as in Figure 1, is character- 
ized by several peculiarities. Chemically speaking we readily classify La 
with Y and Ce with Zr, but decreasing similarity is again noted from left 
to right. Pr, which forms compounds with valences of 3, 4, and 5 (16) 
becomes a subgroup member of Cb. Nd has valences of 3 and 4, which are 
also common to Mo. It must be remembered here that the similarity is 
not great in every respect, but the same thing may be said about Cu and Na, 
or Mn and Cl in the former conventional grouping. II is thought to have 
valences of 3 and 4 which are also probably common to Ma, a member of 
the Mn family. Sm, with valences of 2 and 3 is somewhat like the group 
Ru, Rh, Pd which commonly possess these valences. Eu also has valences 
of 2 and 3 which unfortunately do not ordinarily appear with Ag but it will 
be recalled that a common valence of the Ag group is two for Cu and three 
for Au. Divalent Ag does probably exist, however, in the case of silver 
peroxide since its reactions do not warrant the HO; structure, and argentic 
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nitrate, Ag(NOs3)2, can be formed from it (17), (18). For Gd, only the 
valence of 3 has been reported but Spencer (19), after reviewing the proper- 
ties of this element, concludes that the divalent form probably exists; thus, 
Gd might be expected to be remotely connected with the Cd group. Finally, 
the rest of the rare earths Tb, Dy, Ho, Er, Tm, Yb, Lu are grouped with In, 
a member of the first Al subgroup. 

Starting with the right side of the chart, relations are apparent between 
Xe and Rn, I and (85), ete., up to Y which is connected to Lu but not 
quite as closely as to La, reasons for which will be brought out presently. 
Likewise Yb is associated with Sr, but with still less resemblance as can 
be observed by the decreasing slope of the lines from right to left. YbCl: 
has been prepared (20) and found to possess very nearly the same atomic 
volume as SrCle. With our present knowledge of Tm compounds, how- 
ever, no logical comparison can be drawn between Rb and Tm valence, al- 
though the oxides Rb,O; and Tm,O; are known. 

In this classification, only fourteen elements are considered strictly as 
rare earths, namely, Ce to Lu, inclusive. La is considered the regular Al 
member and distinct from the other rare earths. This is supported by the 
fact that Sc, Y, and La do not regularly form isomorphous salts with the 
rest of the rare earths. These three elements are also characterized by 
their colorless salts, sparingly soluble double alkali sulfates (a distinction 
of Y from the so-called yttrium earths), single isotopes (21), lower para- 
magnetic susceptibilities, absence of absorption spectra in the visible, 
doublets in the spark spectra (22), and band spectra of ScO, YO, and LaO 
(23). Also from the standpoint of basicity Y should be followed by La 
more closely than by Lu because basicity increases downward for succeed- 
ing elements in a given column and, since the basicity of the rare earths 
decreases from left to right, Lu is less basic than Y, the value of the latter 
being between Nd and Sm (24), (25). Similar conclusions are indicated 
by the work of Rolla and Piccardi (26) on ionization potential data. 

The rare-earth group as a whole is characterized by isomorphous salt 
formation, such as Re(SO,)3-8H20, R(BrO;)3-9H2O, etc.; by highly para- 
magnetic susceptibilities; and by highly colored ions. This characteriza- 
tion may be extended to the other ‘‘V-groups’’ of the elements—the group 
Cr, Mn, Fe, Co, Ni is highly paramagnetic compared to neighboring ele- 
ments, the ions of these metals are colored, and isomorphism is known for 
such salts as RSO,-7H2O, R(NOs)e°6H2O, R(NHs3)sCle, etc. The same 
situation exists in the Mo and W “V-groups” except that the magnetic 
susceptibility of these elements is somewhat lower, yet they are still 
strongly paramagnetic. 

As far as the author is aware the Cr ‘‘V-group”’ gives rise to all the ferro- 
magnetic substances yet known. While the elements Fe, Co, Ni, as well 
as some of their compounds and alloys, are ferromagnetic, only certain com- 
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pounds and alloys of Cr and Mn show this remarkable property (27), 
(28). Mn fused in an atmosphere of hydrogen is ferromagnetic (29) but 
the process may involve the formation of the hydride. Mo and W are 
known to increase the magnetic hardness of ferromagnetic substances; 
thus the possibility of ferromagnetic properties existing in certain com- 
pounds and alloys of these “‘V-groups,”’ as well as in the rare-earth group, is 
interesting. 

It will now be of interest to point out a few more characteristics which 
support the ‘‘V-shaped” arrangement of the rare earths. J. D. Main 
Smith (30) points out that the rare-earth salts decrease in color from each 
end of the group down to Gd and Tb. The tendency for molecular-com- 
plex formation decreases from La to Gd and again increases from Tb to 
Lu (31). Shelwood (32) notes that with increasing concentration of salt 
the absorption spectra of Nd, Pr, and Sm shift toward the red but only 
slightly for Sm. Gd shows no appreciable change while Ho and Er, on the 
other hand, shift the spectrum toward the blue. Yntema (33) shows that 
the number of lines in the visible absorption spectra of rare-earth salts goes 
through a minimum at Gd. Klemm, Meisel, and Vogel (34) divide the 
sesquisulfides into two series, La-Gd and Dy-Yb, on the basis of color and 
X-ray determinations. The first series also shows a regular change in 
molecular volume while the second is variable. Tb was not studied. In 
order to show relations between spectral multiplicity and chemical valence, 
Williams (35) divides the rare earths into two groups, La-Gd and Tb-Lu, 
each group being represented by an equation. The melting points of the 
anhydrous chlorides pass through a minimum at Tb (36), (37). James 
(38), in separating the rare earths, treated the chlorides with saturated 
NaeSO, solution and obtained a precipitate (La-Gd) and a solution (Tb- 
Lu). The solubility of the nitrates in nitric acid has a minimum at Gd 
(39). It appears that the solubilities of the rare-earth salts have minima 
at Gd if the solvent is an aqueous solution of the anion acid or the alkali- 
metal salt of this acid. Solubilities of the isomorphous bromates in pure 
water, however, seem to have a minimum at Eu (40), as do also the corre- 
sponding sulfates. But in general it is seen that the rare earths undergo 
a change in many of their properties at Gd and Tb—hence the arrangement 
in the table. Some of these properties may be extended to the other ‘‘V- 
groups’; for example, the isomorphous sulfates, RSO,-7H2O, of the Cr 
group decrease in solubility on each side down to Fe (with the exception of 
CrSO,-7H20) and also the color of the salts goes through a minimum at Fe. 

To return to the general characteristics of the table, the heavy diagonal 
line on the right-hand side of the chart here again divides the metals from 
the non-metals. H is placed on the border line since its reactions and 
position in the electromotive series are characteristic of metals. Metals 
form compounds with complex anions, such as sulfates or nitrates, while 
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non-metals do not. In this respect H is like the metals but its appearance 
and unusually high critical potential make it resemble a non-metal. 
Another test is that metals form bases while non-metals form acids. Here 
again we naturally think of H as acidic but it will be recalled that it is 
also an essential element in bases. And, finally, if we should consider a non- 
aqueous system such as SOs, in which H is not a constituent of the solvent, 
compounds of H would probably be salts rather than either acids or bases. 

Since the border-line elements are practically neutral from the stand- 
point of basicity, the slope of this diagonal line should serve qualitatively as 
a line of zero change in basic properties. That is, in considering any one 
family of elements a line between any two periods drawn from an element in 
the upper period parallel to the diagonal line shows whether succeeding 
members of the family should be expected to be more or less basic than the 
element under consideration, depending on whether the slope of the line 
connecting the two elements is more or less than the slope of the diagonal 
line. For example, such a line extended from Na clearly shows that Cu is 
less basic and K more basic than Na. Similarly Zn is seen to be less basic 
and Ca more basicthan Mg. But Gais slightly more basic and Sc decidedly 
more so than Al. Likewise As is markedly more basic than P, while V is 
still more so than As, etc. Succeeding elements in any family in period 3 
are more basic than corresponding members in period 2. Also elements of 
period 5 exhibit a higher basicity than the corresponding elements of 
period 4. In the family Cu, Ag, Au a similar relation shows that Ag is 
more basic than Cu while Au is less so than Ag. Hg also is less basic than 
Cd while Tl, Pb, and Bi are more basic than In, Sn, and Sb. Likewise Y 
lies between La and Lu in basicity. The parallelism which exists between 
basicity and ionization potentials is pointed out by Rolla and Piccardi in 
the article already cited. It is interesting to note that these border-line 
elements (other than H) have nearly the same ionization potentials and, 
with the exception of Hg, the elements which have ionization potentials 
higher than 10 volts are non-metals while the others are metals. 

The other heavy diagonal line separates the paramagnetic elements on the 
left from the diamagnetic elements on the right. The exceptions, as ob- 
tained from the International Critical Tables are, on the left Zr, Sr, and 
Cs which are listed as diamagnetic, and on the right O, which is para- 
magnetic. However, the oxygen atom in most compounds is diamagnetic 
(42). As the ‘‘V-groups” are strongly paramagnetic, the chart seems to di- 
vide the elements magnetically into three sections—the left, which is para- 
magnetic, the right, which is diamagnetic, and the ‘‘V-groups’” which are 
ferro- or strongly paramagnetic. The salts of the ordinary paramagnetic 
elements are diamagnetic while those of the “V-groups” are strongly 
paramagnetic except where the structure is indicated to be that of the 


inert gases, as discussed previously. 
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Another property in connection with this same diagonal line is that of 
density. The elements increase in density toward the line from each end 
of the period with but few exceptions, which are Be, N, Pd, Ir, and Pt. 
Little is known about the densities of the rare-earth metals but their 
isomorphous sulfates, nitrates, and chlorides (43) increase in density 
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throughout the group; 
therefore, it is assumed 
that the metals them- 
selves will not present 
many exceptions to the 
rule. 

Furthermore, the dot- 
ted lines between pe- 
riods 4 and 5 show the 
customary subgrouping. 
In addition, the group 
of metals Cr, Mn, and 
Fe is linked with Te. 
It will be recalled that 
these metals are quite 
similar in their di-, tri-, 
and hexa-valences and 
the latter valence is 
quite similar to the 
maximum valence of 
the Te group; 7. ¢., the 
chromates, manganates, 
and ferrates resemble 
the sulfates, selenates, 
and tellurates. 

The shape of the 
chart as a whole is 
supported by certain 
physical properties of 
which density is prob- 
ably the most interest- 
ing. In Figure 3 the 


square root of the density of left-hand members of the chart is plotted 
against period numbers. The lines are approximately parallel between 
periods 2 and 3, and 4 and 5, while they diverge between periods 5 and 6 to 
give room for the rare earths and then converge again to period 7, a fact 
which makes it seem improbable that this last period also contains thirty- 
two elements. This conclusion is further supported by ionization potential 
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data. The dotted lines between periods 3 and 4 represent reversed slope 
since the densities of elements in period 3 beyond Al likewise reverse. This, 
however, does not alter the slope of any of the continuous lines. 

In order to arrange the right-hand elements of the chart according to 
atomic number their densities are plotted in reverse order in Figure 4 since 
in this case the densities decrease successively with increasing atomic 
number; but the slope of each line with which we are mainly interested is 
natural. The effected decreasing similarity from left to right is apparent 
between elements of periods 3 and 4 and parallelism again exists between 
periods 2 and 3, and 4 
and 5, the slope of the 
latter, however, being uy Be BNCOF Ne 
the greatest. The elee ?/ | | | 
ments of period 6 crowd 
together as a result of 
the rare-earth group at 
the other end of the 
period. 

The outline of Figure 
2is obtained by plotting 
densities of alkali metals 
and inert gases against 
their corresponding 
periods. Such a plot 
indicates that hydrogen 
is more like the alkali 
metals than like the halo- 
gens. This is true in 
the majority of cases. 
However, an important 
connection between hy- 
drogen and the halogens Square Root of Density. 
is brought out clearly Frours 4 
by Bardwell (44), who 
shows that hydrogen in the hydrides of Ca, Li, and-K is quite similar to 
the halogens in the corresponding salts of these metals. This relation is 
expected from atomic structure considerations since hydrogen should gain 
an extra electron almost as easily as it can lose the one it normally possesses. 

Many physical properties show relationships similar to those represented 
in Figure 3 and Figure 4, especially melting points and ionization potentials. 
But in any case, it is apparent that the physical relationships of various 
groups are not straight-line functions of the periods (see Figures 3 and 4), 
a fact which lends support to the arrangement presented in Figure 2. Al- 
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though remote relationships might be shown between almost any two 
elements, the arrangement of the rare-earth group here presented affords 
a means of connecting these elements with the rest of the periodic system, 
as well as showing a division in their physical properties. They stand out 
by themselves in the ‘‘V-group”’ as do the other smaller ‘‘V-groups,”’ and 
all these groups have many characteristics in common. 

In conclusion it may be added that this scheme will accommodate the 
radioactive series as well as the isotopes of the elements, provided atomic 
weights of elements are plotted in the third dimension. 
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PSYCHOLOGICAL ASSAYS 


No one would think of operating a mine unless the ore being excavated were assayed 
frequently and carefully. At the present time our civilization is being conducted with- 
out evaluations of its human raw material. Millions of men are idle through an economic 
clogging of the wheels of industry. This is a severe indictment of the world we live in. 
Millions of people are discouraged through their inability to find work. Enforced idle- 
ness causes them to lose confidence in themselves. 

At such times as this assaying of human abilities is sorely needed. In addition to 
that essential minimum of food and shelter which a stable civilization must afford its 
human units, there should be given each individual the opportunity of discovering how 
he can serve the world most effectively. On an experimental scale at Minneapolis, 
St. Paul, Duluth, Philadelphia, and Rochester, unemployed persons are being tested and 
evaluated by psychological methods in order that they may resume most effectively their 
productive places in the producing world when opportunity arises. When American 
armies were entering the World War psychologists went into uniform and applied the 
famous Army “‘alpha’”’ and ‘‘beta’’ tests to help place soldiers in the most effective places. 
The man with the outstanding military bearing was not always the best commander and 
the doughboy of high intelligence might be wasted digging ditches. So in this economic 
emergency, psychologists can perform an even greater service. It is also more difficult. 
Flags do not wave, bands do not play, crowds are more likely to growl than cheer. It is 
easier to find people for jobs than jobs for people. One part of the task is to discover 
the kind of abilities that are necessary for various kinds of jobs. Tests for general in- 
telligence, special abilities, personality, and other human attributes, given to successful 
workers, allow the psychologists to write specifications for various kinds of workers. 

The person out of a job is put through an assaying process, not asa piece of human 
clay, but as a human being. Psychological tests reveal his abilities and shortcomings. 
How he spends his money and his time is discussed. His physical health is evaluated 
by a medical examination and his mental health is considered when that is necessary. 
The staff of experts individually considers each person and works out a recommended 
plan for his future endeavor. Sometimes he is advised to change his occupation, often 
he needs intensive re-training. The unemployed person emerges from the assay with 
hope and greater prospects. 

Assaying human beings costs money and money is not easy to find. The cost is 
about $10 to $15 per person. But individual diagnosis and training for all the un- 
employed would undoubtedly be a paying addition to the mechanisms that will need 
to be put into operation to assure every one of the opportunity to work and live in this 
era of too much material goods and too few jobs——Wartson Davis, Managing Editor, 
Science Service E 











A SYSTEM OF QUALITATIVE MICROANALYSIS* + 


Car J. ENGELDER AND WILLIAM SCHILLER 
UNIVERSITY OF PITTSBURGH, PITTSBURGH, PENNSYLVANIA 


A scheme for the qualitative separation and detection of the commoner 
cations and anions has been worked out using micro technic. For the most part 
the schemes are based on the reactions used in the regular procedures but using 
drop tests and at most limiting the volume of solution to 1 cc. The microscope 
is not used. The course of instruction in qualitative to sophomore chemists at 
the University of Pittsburgh is now micro chemical. The conservation in 
time and in chemicals, the ease of manipulation, and the working conditions for 
student classes effected by this new technic are most satisfactory. 


The development of methods for the investigation of small amounts of 
materials has been of comparatively recent origin. Most of the work has 
been done in the field of chemical microscopy. Emich (J) in his book, 
“Lehrbuch der Mikrochemie,” traces the beginnings of microchemical 
analysis back to the year 1866, when some use was made of the microscope 
in chemical analysis. In 1877 Boricky wrote a treatise entitled, ‘‘Elements 
of a New Microchemical Analysis of Minerals and Stones.’”’ Other works 
on the use of the microscope in chemical analysis appeared in 1881 when 
Reinsch described some microchemical reactions and Streng recommended 
microchemical analysis as a valuable aid in the investigation of minerals, 
especially in blowpipe analysis. Haushofer in 1885 issued a book on 
“Microscopic Reactions,” which laid a foundation for the tendency to 
draw all elements into the domain of microchemical analysis, a tendency 
which was also expressed in the French work of Klement and Renard. 
One of the outstanding workers in the field of microchemical analysis was 
Behrens (2), who did much toward placing this phase of analysis on a sure 
footing. Among Behrens’ contributions was the introduction of methods 
for the separation of compounds from each other; these gave more surety 
to confirmatory tests. Along with the name of Behrens is associated that 
of Schoorl (3), who also introduced methods for the separation of com- 
pounds. 

Another micro scheme of separation is given by Kley (4). 

In the past few years microanalysis has been developed through the 
refinement of the existing macro methods. Thus in quantitative organic 
microanalysis Pregl (5) has succeeded in producing much smaller counter- 
parts of the ordinary balance, combustion tube, buret, electrolysis device, 

* From a thesis submitted by William Schiller to the Graduate School of the 
University of Pittsburgh in partial fulfilment of the requirements for the degree of 
doctor of philosophy. Contribution No. 220 of the Department of Chemistry, Uni- 
versity of Pittsburgh. 


t Presented before the Division of Chemical Education of the A. C. S. at the 
83rd meeting, New Orleans, Louisiana, March 29, 1932. 
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etc., all of which has made possible the investigation of much smaller 
amounts of materials than heretofore. 

Another direction in which research in microanalysis has led is toward 
the utilization of organic reagents which give very sensitive tests with 
inorganic ions. These tests, which give rise to colored solutions or pre- 
cipitates, are easily detected by the naked eye. They are carried out on 
filter papers, spot plates, or textile fibers. Not only is there a searching for 
organic reagents which yield these colored compounds, but also yield them 
in the presence of other ions. Gutzeit (6) has developed a scheme in which 
specific tests are obtained for individual ions in the presence of others. 
Feigl (7) has made an excellent compilation of exceedingly sensitive tests 
for the cations and anions. Chamot’s (8) “Chemical Microscopy” covers 
the microscopic tests in an excellent manner. 

Micro methods are being slowly introduced into school laboratories. 
At Cairo, Egypt, Grey (9) has developed a course in general chemistry 
using micro methods, and has published a book, ‘‘Practical Chemistry by 
Micro Methods.”’ Recently an article has been published by Van Nieuwen- 
burg (10). The scheme described in the article was developed and used in 
the laboratory of analytical chemistry of the Technical University at 
Delft, Holland. 

According to present indications there will be an increased use of micro 
methods in the future. It is inevitable that these sensitive, time-saving, 
economical methods will eventually supplant the slower, more tedious 
methods which are now in existence. 

It has been the aim of the authors of this paper to apply the methods and 
technic of microanalysis to the ordinary (macro) schemes of qualitative 
analysis with the object: first, of confining the operations to drops or, at 
most, to one or two cubic centimeters of solution; second, of developing a 
micro scheme which could be placed in the hands of undergraduate students 
taking their first course in qualitative analysis; and third, by dispensing 
with the use of microscopes, of bringing the micro technic within practical 
pedagogic and economic reach of large laboratory classes of sophomore or 
even freshman students. Attention has been focused on conducting 
separations, washings, filtrations, and similar operations with usually not 
more than one cubic centimeter of solution and on performing final tests 
by means of drops. The procedures and methods worked out here can be 
employed by beginning students and require no previous special training. 

When one compares the relative bulkiness of the ordinary size of beakers, 
flasks, test tubes, and similar common apparatus with the tiny counterparts 
used in the micro work; the relatively large locker space required for storage 
with the small ‘‘shoe-box’”’ compartments in which a student’s micro outfit 
can be packed; the tedium, awkwardness, and loss of time necessitated in 
filtering several hundred cubic centimeters of solution from a large bulk of 








1638 JOURNAL OF CHEMICAL EDUCATION — SeEpremper, 1932 


precipitate with the ease and rapidity of making a separation by means of 
the centrifuge; the fatigue and nervous strain of the student standing for 
hours at his work place with the comfort and relaxation of sitting at a table 
with all materials within reach; a laboratory atmosphere filled with hydro- 
gen sulfide, sulfur dioxide, and similar noxious or objectionable fumes, with 
one practically free from such contaminations; the inevitable “sloppy” 
technic which the student acquires in spite of strict supervision with the 
neatness and care with which he must work at the micro methods—the 
advantages are predominantly on the side of the micro method. _Instruc- 
tion in theory, in fundamental chemistry, and in the general methods of 
separation and detection can be carried out just as effectively with the micro 
as with the macro method. What the student may lose by reason of 
not acquiring the full technic of the usual large-scale manipulations is 
probably compensated for by an appreciation of the care required in this 
new technic. 

The schemes developed have been worked out by first making a rather 
exhaustive study of the properties and 
reactions of the individual cations and 
anions, using the micro technic and the 
tests described by other investigators, 
and finally selecting those tests which 





in mind. In general, the tests were con- 

fined to single drops, the test solutions 

containing one milligram of the active 

8 cc. 2c. lec. constituent per cc. The usual schemes 

FIGURE 1.—CENTRIFUGE TUBES ene . 

1/» Size of qualitative analysis were then modi- 

fied to provide for the small-scale pre- 

cipitations, separations, and similar operations, and the procedures thus 

evolved were thoroughly tested at all points, gradually increasing the num- 

ber of components in the mixtures analyzed. Finally, the completed 

schemes were used by a small group of beginning students in qualitative 

analysis during the summer session of 1931, and again by the class of 
sophomores specializing in chemistry during the fall semester of 1931-32. 


The Technic and Apparatus of Qualitative Microanalysis 


The operations and apparatus of ordinary qualitative analysis have their 
counterpart in the new micro technic. Except for a small hand centrifuge 
and certain other simple apparatus, the appliances of microanalysis are in 
general miniatures of those used in ordinary analysis. Reagents and test 
solutions are conveniently kept in 30-cc. dropping bottles, provided with 
medicine droppers. Test tubes are of 2 cc. capacity and centrifuge tubes of 
1, 2, and 3 cc. capacity, respectively (see Figure 1). Test tubes and centri- 


were sufficiently sensitive for the purpose ~ 
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fuge tubes are conveniently kept in wooden blocks which are drilled to hold 
a suitable number of such tubes. Solid reagents are also kept in small 
stoppered test tubes in a similar block. The porcelain crucibles are of 1 cc. 
capacity. The wash bottle is made 
from a 50-cc. Erlenmeyer flask. A 
suction flask, shown in Figure 2, is 
useful. Capillary pipets are made from 
medicine droppers or glass tubing (see 
Figure 3). Many tests are carried out 
on the glass slides used in microscopic 
work, on ordinary spot plates and on 
drop reaction paper, the latter being 
Schleicher and Schiill’s “‘Tupfreactions- 
papier, No. 601.” The H2S generator 
is shown in Figure 4. A small hand 
centrifuge was mounted on the labo- 
ratory bench and surrounded for 
safety during use with a heavy wooden 
box. The small centrifuge tubes were a et Se 
Natural size 
provided with cork stoppers equipped 
with wire hooks and during centrifuging were placed inside the larger (15 
cc.) tubes, regularly supplied with the centrifuge. 

The following are the more important operations and manipulations. 

Precipitation.—Precipitations are carried out in centrifuge tubes, on 
spot plates, glass slides, and drop reaction paper. In the first method, a 
drop of the precipitating agent is added to a drop of solution in a centrifuge 
tube. The advantage of this procedure lies in the ease with which the 
precipitate may be observed after centrifuging, and the facility with which 
a separation can be carried out. 

In the spot plate method, a drop of the solution to be tested is brought 
into contact with a drop of the precipitating agent in the cavity of a spot 
plate. This method is very effective for detecting the formation of colored 
precipitates. 

If the precipitation is to be conducted on a glass slide, a drop of the 

solution and one of the 
cRubber Bulb precipitant are placed 





Ground Glass Connection 

















as side by side on the slide 


and the two are mixed 
by means of a platinum 
wire. When heating is 
necessary, the drops are placed as near to one corner of the slide as possible 


and the heat from a micro burner cautiously applied. 
Filtration.—The operations of filtration and washing are conducted 


FiGurE 3.—MurIcro CAPILLARY PIPET 
1/, Size 





1640 JOURNAL OF CHEMICAL EDUCATION SEPTEMBER, 1932 


either in a centrifuge tube or on a glass slide, depending upon the method by 
which the precipitate was produced. In the former case, after centrifuging, 
the supernatant liquid is withdrawn by means of the capillary pipet. If 
washing of the precipitate is required a few drops of wash water are added, 
the precipitate stirred with a platinum wire, the mixture again centrifuged 
and the supernatant liquid drawn off. When filtering and washing on a 























Glass Sopeock ins iopcock 
Rutber| Sopper 
Lick oa Rubber 
u a 
: pa 
inet Clamp- | — preciph 
b auret Comp 
HC +> 
M-FeS 
Glass Wool 
Hubber 
LU 
‘Iron King Stand 





Geena = 





FiGuRE 4.—H.S GENERATOR 
1/, Size 





glass slide, the liquid surrounding the precipitate is withdrawn by placing 
a small wad of cotton near the edge of the soluton and pushing this into 
the drop with the cotton in the opening of a micro capillary pipet and 
applying suction by releasing the pressure on the compressed rubber bulb. 
Occasionally, when close examination of precipitates is required, filtra- 
tion by means of the suction flask is resorted to. A piece of filter paper of 
proper diameter is punched out with a cork borer and placed in the funnel. 
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The solution to be filtered is then placed in the funnel and suction applied 
by the mouth through a rubber tube attached to the flask. 
Evaporation.—Evaporations are best conducted by transferring the 


solution to the l-cc. crucible and heating 
with a micro burner (Figure 5). Consider- 
able care is necessary in this operation to 
prevent large losses due to spattering. 
Occasionally liquids are evaporated from 
glass slides or watch glasses. 

Evolution of Gases.—The apparatus of 
Figure 6 is used for this purpose. A drop 
of solution to be tested is placed in the test 
tube, a drop of reagent added and the 
funnel inserted. Filter paper moistened 
with the test reagent is placed in the mouth 
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FIGURE 5.—MIcrO BURNER 
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reaction paper. 


of the funnel and the tube gently warmed, causing the evolved gas to 
come in contact with the paper. 

Development of Color.—With certain of the reactions with organic 
reagents, the colors are brought out by allowing hydrochloric acid vapor 
or ammonia fumes to come into contact with the reaction mixture on drop 
This is done by simply holding the reaction paper in the 


fumes evolved by heating in the small porcelain crucible a few drops of 
concentrated HCl or NH,OH. 


Notes on the Cation Scheme 


The ‘‘unknowns”’ consisted of 1 cc. of solution containing not over 1 mg. 


funnel 


b+ ~Cork Stopper 


F Test Tube 





FicurE 6.—Gas 
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1/9 Size 


of any single cation. Group unknowns as well as gen- 
eral mixtures covering all groups are submitted for 
analysis. 

Group I included silver, lead, and mercurous mer- 
cury and the group precipitation, separations, and 
identifications were made by the usual reactions. In 
Group II, which included the usual cations, the separa- 
tion into two divisions was found most satisfactory with 
sodium instead of ammonium polysulfide. Iron, man- 
ganese, chromium, and aluminum were then removed 
with excess NH,OH and nickel, cobalt, and zinc 
subsequently precipitated from the filtrate with H,S. 
The alkaline earths were removed with (NH,)2COs, 
leaving magnesium and the alkali metals to be 


tested for separately. 








In addition to, and in some cases in place of, the usual identifying and 
confirmatory tests, some unusual ‘reagents and methods were employed, 
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the reactions being mainly adopted from the work of other investigators, 
These tests are inserted here in tabular form. 


Bit++ 
Bit+t+ 


Cutt 


Cutt 
Catt 
Sbt+t+ 
Sn++ 
Sn++ 


Sntt+ 
Cott 
Zntt 
Mntt 


Crttt 
Mgtt 


Mgt+ 


analysis, the tests being applied specifically for each anion. 


TABLE I 
Identifying Tests—Cations 
Reagent Method 
CsCl, KI Spot plate 


I,—Cinchonine 

HC2H;02, Pb(C:H302)2, 
KNOz, CsCl, TINO; 

Benzoinoxime, NH; 

Diphenylcarbazide 

CsCl, KI 

Cacotheline 

Gold chloride 


Granulated Zn, HCl 

CuSO,, 2NH,CNS:Hg(CNS): 

NaOH, Tartaric acid, 
Benzidine 


Benzidine . HC:;H;0,2 

para-Nitrobenzene-azo- 
resorcinol 

8-Hydroxyquinoline 


Zinc uranyl acetate 


Centrifuge tube 


Glass slide 
Drop reaction paper 
Drop reaction paper 
Spot plate 
Drop reaction paper 
Drop reaction paper 


Volatile hydride 
Spot plate 
Spot plate 
Spot plate 


Drop reaction paper 


Spot plate 
Spot plate 


Centrifuge tube 


Notes on the Anion Analysis 
No systematic scheme of separation has been worked out for the anion 


Result 
Red precipitate 
Red precipitate 


Black precipitate 

Green coloration 

Violet coloration 

Red precipitate 

Violet coloration 

Violet to black colora- 
tion 

Bright blue flame 

Blue precipitate 

Black precipitate 


Blueprecipitate or colo- 
ration 
Blue ring 


Blue precipitate 

Green to yellow pre- 
cipitate 

Yellow precipitate 


The order 


of anion testing follows that given in Engelder’s ‘‘Elementary Qualitative 


CN- 
Ss” 


SO;~ 
co," 
PO, 
PO, 
SO," 


siO,~ 
F- 
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TABLE II 
Identifying Tests—Anions 


Reagent 
CuS 
NaOH, p-Aminodimethy]l- 
aniline 


ZnSQ,, Sodium nitroprusside 


Ba(OH)s 
(NH,)2MoO,, benzidine 
(NH,)2MoO,, SnCl, 


BaCh, Hg(NOs)2 


(NH4)2MoO,, benzidine 
(NH,4)2MoQ,, benzidine 
Reduced fuchsin 

Diphenylamine 





Method 
Drop reaction paper 


Glass slide 

Filter paper 

Pt. loop 

Drop reaction paper 
Drop reaction paper 
Centrifuge tube 


Porcelain crucible 
Porcelain crucible 
Drop reaction paper 
Spot plate 


Result 
Decolorization 


Methylene blue 

Red coloration 

White, BaCO; 

Blue color 

Blue color 

Yellow ppt. on white, 
BaSO, 

Blue color 

Blue color 

Red color 

Blue color 
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gators, Analysis.” Suitable procedures have been worked out for a considerable 
number of cases of interference. At the bottom of p. 1642 are tabulated the 
unusual tests which have been found to give good results on the micro scale. 


Results Obtained with the Micro Method 


During the summer session of 1931, facilities were provided for four 
beginning students in qualitative analysis to use the schemes developed. 
The results, condensed in Table III, show a highly satisfying degree of 
e accuracy. Each student analyzed seven unknowns covering cation and 
anion mixtures. The time for an analysis in general is much less; in some 
cases a 5- or 6-component sample was reported within one hour’s time. 

The micro course was again subjected to trial by the group of fourteen 
-olora- sophomores specializing in chemistry during the fall semester. Altogether 
eight different samples were analyzed by each student, each sample con- 
taining an average of 5 components. The results here, especially on the 
anion unknowns and salt mixtures, were particularly gratifying, from the 
standpoints of both accuracy and speed. 





‘v 


ae: TABLE II 
Students’ Individual Scores 
Number of Number of Percentage of 
Total Number Components Components Components 
of Components Correctly Incorrectly Correctly 
Student in Unknown Reported Reported Reported 
o E. W. 33 24 9 73 
+, Bs 37 31 6 84 
G. H. 38 36 2 95 
N. B. 36 30 6 83 
nion Total 144 121 23 84 
rder p 
: Conclusions 
tive 


The use of the micro technic by students in a laboratory course of 
inorganic qualitative analysis has shown the following advantages: 
1. A considerable saving of time. The work was accomplished in 
one-fifth to one-half of the time taken for the regular analyses. 
2. A saving in the cost of the course. Less apparatus is required and 
only small amounts of reagents were used. 
3. The improvement of working conditions in the laboratory. The 
student remained seated during most of the work. This made possible 
a calmer view of experiments and made the taking of notes easier. Noxious 
te fumes were practically eliminated from the laboratory. 
* * * * * * 
Note: The authors invite inquiries and discussion of this new method of 
instruction. Complete schemes, notes, lists of reagents, etc., as supplied 
to students are available in mimeographed form. 
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THE DETERMINATION OF WATER IN HYDRATED SALTS BY 
MEANS OF THE NICKEL-CRUCIBLE RADIATOR 






Witu1aAM M. THORNTON, JR., REUBEN ROSEMAN, AND MEYER NEISHLOSS 
THE JoHNS HopkKINS UNIVERSITY, BALTIMORE, MARYLAND 









Some years ago one of us (1) published a description of a radiator made 
from a fairly large nickel crucible, the apparatus being at that time in- 
tended especially for use in determining silicon dioxide in titaniferous rocks. 
Since then the same contrivance, with a 

hole of sufficient size to accommodate a i 
thermometer drilled at the center of the 
crucible lid, has proved very useful in the 
estimation of water of crystallization in 
various salts; more particularly in those 
that undergo complete dehydration only 
at somewhat elevated temperatures. 

A nickel crucible of appropriate size is 
first selected. The actual dimensions may 
with advantage vary according to the tem- 
perature desired—the lower the degree of 
heat the larger the utensil; but for the 
great majority of cases the following will 
doubtless be found satisfactory: 8.5 cm. 
in diameter at the top, 7.5 cm. in height, 
and 325 cc. with respect to capacity. A 
1'/s-inch nichrome triangle is then made 
ready by cutting the ends (twisted parts) 
off at their middle points and bending 
them upward; whereupon the triangle is 
set in the nickel crucible in such a way 
as to support the small inner crucible with 
its sides and bottom about equidistant from 
the sides and bottom, respectively, of the 
large outer crucible. The outside crucible 
is held by a “home-made’’ triangle (3*/, 
inches) of stout nichrome wire, which in 
turn rests upon the iron ring of an ordi- 
nary stand. 

In carrying out a determination, a Nicxet-CruciBLe RADIATOR 
small porcelain crucible is tared (together 
with its lid), the sample (say, 1 gram) is introduced, and the gain in 
weight is noted. The container with its charge is then set in the inner tri- 
angle, the lid being temporarily laid aside (preferably in the desiccator), the 
height of the thermometer is so adjusted that the bulb stands a little above 
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the salt—in which position it is firmly held by a clamp, the lid of the nickel 
crucible is allowed to fall into place (see illustration), and with the aid of 
a Bunsen burner the air within the system is heated to the desired tempera- 
ture and kept so—operating in a place free from drafts—for the prescribed 
length of time (normally 1 hour). Having extinguished the flame, the 
crucible containing the residual salt is removed to an air-tight drying 
chamber, both receptacles are covered as quickly as may be, and, after 
cooling, the weighing is performed with all possible dispatch. The heating 
is repeated for 30-minute periods until a nearly constant weight is obtained. 
The percentage of water in the original substance may now be readily calcu- 
lated. Needless to say, after the first weighing of the more or less an- 
hydrous compound, all subsequent values can be very rapidly got with the 
sash of the balance case down by placing the proper weights on the right- 
hand pan and the rider at approximately the correct graduation mark on 
the beam beforehand, thus minimizing the error due to the absorption of 
atmospheric moisture on the part of hygroscopic materials. 

For the lower temperatures, as in the case of copper sulfate, the common 
thermometer graduated to 360°C. may be employed, but for ranges above 
this recourse must be had to the so-called high-temperature thermometer. 
It may not be out of place to sound a note of warning regarding the use of 
the latter type of instrument: the indifferent gas that fills the space above 
the mercury column is at a pressure of about 15 atmospheres at 500°C. 
(2); consequently, if the temperature exceeds this value to any considerable 
extent, the zero point of the ordinary mercury-in-glass thermometer is 
apt to be permanently depressed. In analyzing the hydrated sulfates of 
manganese, therefore, which, in accordance with the carefully conducted 
experiments of Blum (3), give, very definitely, a residue of anhydrous man- 
ganous sulfate at 450-500°C.., it is inadvisable to push the heating beyond 
the point at which the thermometer actually reads 450°C., seeing that the 
correction for emergent stem is very notable at that apparent tempera- 
ture. 

Determination of Water 
H:0 H:0 Approximate 


Found Theory Temperature 
Analyst Salt 0 “C. 


0 
R. Roseman CuSO,:5H:0 36.06 36.07 250 
W. Tom CuSO,:5H2O 35.91 36.07 250 
W. J. Wiseman CuSO,:5H20 36.03 36.07 250 


- 10.66 (n = 1) | ° 
M. Herman MnSO,:nH:,O ye yg 1 19.27 (n = 2) § 450-500 


10.66 (n = 1) 
19.27 (n = 2) 


M. Neishloss MnSO,-nH,O0 TE.17 


450-500 


As to the dehydrating temperature employed for copper sulfate, namely, 
250°C. (uncorrected), Riehards (4) has claimed that not quite all of the 
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water is driven out of the salt at 240°C., and for this reason he heated his 
sulfate to 360°C. Yet it is doubtless safe to say that the present method is 
not refined enough to necessitate the use of so high a temperature. 

The above-described process has been given to classes of students begin- 
ning quantitative chemical analysis for more than ten years, and, in keeping 
with the results set forth in the table on p. 1645, the reports have been of a 
gratifying nature in nearly all instances; hence the nickel-crucible radiator, 
in spite of its very great simplicity, would seem to be a satisfactory appa- 
ratus for the estimation of water by loss of weight. 

Copper sulfate, when recrystallized and air-dried, appears to contain 
very nearly its theoretical percentage of water. With manganese sulfate, 
however, the case is different, since it does not seem to form a definite hy- 
drate under any ordinary circumstances. It has been our custom, there- 
fore, in addition to requiring the obtainment of closely agreeing results 
for water, to have the pupil determine the manganese in the dried salt by 
the phosphate method, following the technic of Gooch and Austin (5). 
Such a procedure not only furnishes an extra test of the correctness of the 
preceding work but it also supplies the embryonic analyst with another 
desirable exercise for practice. 
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MIRRORS AND B-BATTERIES AS STUDENT PROJECTS 


H. L. SLICHENMYER, BLOOMINGTON HIGH SCHOOL, BLOOMINGTON, ILLINOIS 


Project work creates a great deal of interest in chemistry. Two projects 
which have been found highly satisfactory (except for the fact that they are 
both rather expensive) are the silvering of glass and the preparation of B- 
batteries. 

Probably the greatest difficulty in the making of mirrors is in getting the 
glass clean. If there is the slightest amount of grease or dirt on the surface 
to be silvered, it will show in the final product. If the glass is extremely 
greasy, clean first with potassium hydroxide. If is it not very greasy, 
rinse with alcohol and then with ether. Then clean with nitric acid and 
lastly with warm, distilled water. In some cases stannous chloride is 
used after the nitric acid treatment. Then distilled water is used. At no 
time should the glass become dry from the time the cleaning process is 
started until the coating of silver is deposited on the glass. In case it 
should at any stage become dry, it is best to start the whole process over. 
Be sure that all chlorine, free or combined, is removed from the glass. 

The silvering is conveniently done in a shallow tray only slightly larger 
than the surface to be silvered. Care should be taken to avoid touching 
the solution, not only to protect the hands, but also to prevent contamina- 
tion of the solution. All chemicals used in the preparation of solutions 
should be c.P. materials. Distilled water should be used. 

There are a number of formulas to choose from, but the two easiest to 
carry out are: (1) the Rochelle salt process, and (2) the formaldehyde 
process. Of these two, the formaldehyde process is the easier. 

These methods may be found in almost any book of chemical formulas or 
in a Bureau of Standards circular, ““Methods of Silvering Glass.”’ 

The making of the B-battery is of particular interest to the pupil who 
has an old radio set, for he can actually get results from the product of his 
work. 

The B-battery may be made as an Edison storage battery. This may be 
prepared by taking a number of test tubes fitted with two-hole stoppers. 
In the battery exhibited at the Academy of Science meeting last May 
forty-five tubes were used—five rows with nine cells in a row. Through 
each stopper was inserted a strip of iron and a strip of nickel. These were 
connected in a series, and clamped together in order to insure good connec- 
tions. Each tube was then partly filled with the electrolyte, a potassium 
hydroxide solution with a specific gravity of 1.25. Then the stoppers with 
the iron and nickel strips were placed in the tubes making certain that the 
strips did not touch within the cells. Then by means of a medicine 
dropper the electrolyte was brought up to the proper level by adding the 
solution through the holes in the stopper. A drop of oil was placed on the 

(Continued on page 1653) 
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THE CATALYTIC PREPARATION OF ACETONE FROM ACETIC 
ACID* 


CHARLES D. KoOCHAKIAN, BOSTON UNIVERSITY, Boston, MASSACHUSETTS 


Squibb! found that a good yield of acetone is obtained when acetic acid 
vapors are passed over barium carbonate or calcium carbonate at a temper- 
ature of about 500°C. His heating unit consisted of an iron pipe en- 
closed by an earthenware drainpipe which served as a furnace. Heat was 
obtained by Bunsen burners admitted through holes in the bottom of 
the drainpipe. It was found, however, that equable heating, under the 
conditions of this process, was impossible. Therefore, a rotary still was 
devised and substituted for the stationary still. 

A form of apparatus very similar to Squibb’s stationary still is described 
by Cumming, Hopper, and Wheeler. The only difference is that a 
combustion tube is used instead of an iron tube, and a cylindrical air bath 
made of tin or light sheet iron, heated by a combustion furnace, is used. 

The heating unit proposed herein has been found to be a marked and 
worth-while improvement on the above methods for laboratory purposes. 
The most noteworthy improvement is in the method of heating, this being 
accomplished by means of a simple, efficient, and easily regulated electric 
furnace, which the student can construct easily. Other worth-while 
features of the equipment are the construction and use of a thermocouple 
instead of a thermometer, and the preparation of a catalyst mixture. 

The method consists in passing acetic acid vapor through a combustion 
tube charged with a calcium carbonate-asbestos-pumice mixture, and 
heated to approximately 500°C. The accompanying diagram illustrates 
the arrangement of the apparatus. 


Apparatus 


Since the arrangement of the apparatus is apparent from the diagram, 
only the construction of the heating unit and the thermocouple will be 
described. It was found that a temperature of approximately 500°C. 
could be most easily obtained and maintained by using an electrically 
heated combustion tube. Three strips of thin asbestos, about 1 cm. wide, 
are placed along a combustion tube 60 cm. X 2.2 cm., and around these 
strips are wound about 600 cm. of Chromel “A” wire, B& S24. The whole 
is insulated by three or four folds of heavy asbestos which is then moistened 


* Extracted from the thesis presented by Charles D. Kochakian to the Graduate 
School of Boston University in partial fulfilment of the requirements for the degree of 
Master of Arts. 

1 Sours, “Improvement in the Manufacture of Acetone,” J. Am. Chem. Soc., 17, 
187-201 (Mar., 1895). 

2 CumMING, HopPER, AND WHEELER, “Systematic Organic Chemistry. Part II. 
The Linking of Carbon to Carbon,” 2nd edition, Constable & Co., Ltd., London, 
England, 1931, p. 94. ; 
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and molded to a compact mass. The asbestos is allowed to dry—drying 
may be hastened by passing a small current through the coil. This heating 
unit is capable of raising the temperature of the tube and contents to about 
700°C. which is, however, higher than necessary. Therefore, a rheostat 
of approximately 16 ohms is placed in series with the heating unit. 

The temperature is regulated by varying the resistance (R) and is mea- 
sured by a chromel-copel thermocouple (7) connected to a good millivolt- 
meter (1) which is accurate enough for the experiment. Two lengths (80 
em. each) of chromel ‘‘X,”’ B & S 22, are fused to the ends of a length (80cm.) 
of copel “X,” B & S 22. The ends of the wires are twisted together, 
dipped into borax, which acts as a flux, and fused in a gas-oxygen flame. A 


| 
OF 

Air condenser F. Heating unit 
M. 


To Current 





























A. Distilling flask—500 cc. Water bottle 
B. 

C. Water condenser Millivoltmeter 
D. Erlenmeyer flask—250 cc. R. Rheostat 


T. Thermocouple 
APPARATUS FOR THE CATALYTIC PREPARATION OF ACETONE FROM ACETIC ACID 


little practice is required before a good fusion, which is absolutely necessary, 
is obtained.* 


Preparation of the Catalyst 


The catalyst consists of calcium carbonate dispersed in asbestos fibers 
and mixed with small pieces of pumice to give a maximum surface. Fif- 
teen to twenty grams of pumice, broken to pieces the size of a bean, and 10 
grams of shredded asbestos are added to a solution containing 110 grams 
of calcium nitrate dissolved in 1000 cc. of water. The calculated amount of 
15% sodium carbonate solution is added slowly and with good stirring. 
The resulting mixture is filtered, washed, and dried. This mixture is 
enough for four charges. 


Procedure 
The combustion tube (F) is loosely filled with the catalyst mixture, 
having a little unmixed pumice at each end, and clamped into position. 


* Catalog 52 of the Hoskins Manufacturing Company from whom the above 
wires were obtained will be found useful in making the thermocouple. Also tables of 
temperature millivolt equivalents are given. 
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The glacial acetic acid (100 cc.) is placed in the distilling flask (A), and all 
connections are made tight. The furnace is then heated until the difference 
in potential between the hot and cold junctions is 30-32 millivolts, which 
represents a temperature of about 500°C. When the required tempera- 
ture is attained, the acetic acid in the distilling flask (A) is heated to boiling, 
using a Bunsen flame about 4 cm. long. In about ten minutes white fumes 
will be noted in the air condenser (B), which consists of a 500-cc. flat- 
bottomed Florence flask, and in which all the unconverted acetic acid and a 
little acetone are condensed; also, bubbles will be noted in the water bottle 
(E). The acetone condenses in the water condenser (C) and is collected 
in the receiver (D), which is placed in a freezing mixture of ice-water-calcium 
chloride. Some acetone escapes condensation and passes to the wash 
bottle (Z) where it is dissolved in the water. When almost all of the acid 
is vaporized—approximately one hour—the distilling flask is removed, the 
end of the combustion tube is stoppered, and the temperature is allowed 
to remain at 500°C. for about 5 minutes longer. Then the current is 
shut off. 

The flask in the ice-water-calcium chloride mixture contains the bulk of 
the acetone, which is obtained by distilling with an efficient fractionating 
column, collecting the portion boiling up to 57°C. The air condenser 
contains chiefly unconverted acetic acid and a small amount (ca. 3 cc.) of 
acetone which may be obtained by fractional distillation. The presence of 
acetone in the wash bottle is determined by the formation and identification 
of dibenzalacetone. 

Yield 


A total yield of 65-70% calculated from acid vaporized is obtained. 
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AN IMPROVEMENT ON THE CHLORAMINE-T METHOD OF 
HALOGEN-ION DETECTION 


SIDNEY SUSSMAN, POLYTECHNIC INSTITUTE, BROOKLYN, NEw YORK 


The detection of small amounts of bromide and iodide by the chloramine-T 
method is somewhat difficult and uncertain. The test can be made much wore 
definite and sensitive by the use of carbon tetrachloride or carbon di:ulfide. 


Gerstenzang!” describes an excellent method for the separation and 
identification of the halogen ions by the use of chloramine-T. The 
addition of a few drops of a 5% chloramine-T solution to a neutral iodide 
or acid bromide solution results in the liberation of free iodine and bromine, 
which color the solution from pale to deep yellow depending on the quantity 
of the halogen liberated. When only small amounts of the bromide or 
iodide are present, the coloration is very faint and extremely hard to detect. 

Both carbon tetrachloride and carbon disulfide dissolve free bromine and 
iodine, yielding, with the former, an orange and, with the latter, a violet 
coloration. Gerstenzang’s method was tried with one additional step. 
Half a cc. of carbon tetrachloride or carbon disulfide was added to the 
solution before the addition of the chloramine-T solution. The latter was 
added and the solution shaken thoroughly for half a minute. This im- 
provement not only provided a more easily detected color, but also made 
the test more sensitive. 

Several tests were carried out to confirm the increased sensitivity. 
Solutions of sodium bromide and potassium iodide containing one gram of 
the salt per hundred cc. of the solution were prepared. Each solution was 
treated by the addition of one gram of ammonium chloride. The bromide 
solution was acidified with five cc. of concentrated hydrochloric acid. 

Equal portions of the iodide solution were placed in each of three test 
tubes. Half acc. of carbon tetrachloride was added to the first, half a ce. 
of carbon disulfide to the second, and nothing to the third. Three drops 
of a 5% solution of chloramine-T were added to each of the test tubes and 
all were shaken for half a minute. The original solution was diluted 1:5, 
1:10, 1:50, 1:100, and 1: 200, and for each of these dilutions a similar test 
was performed. At the 1:100 dilution the third test tube was colorless, nor 
could the slightest trace of color be detected when the tube was compared to 
a tube of water. The carbon tetrachloride was a light violet and the 
carbon disulfide a deep violet. At the 1:200 dilution the third test tube was 
colorless, the carbon disulfide was a noe * violet, and the carbon tetrachlo- 
ride was slightly lighter. 

1 GERSTENZANG, ““A New Method of Separation and Detection of the Halogen 
Ions Involving the Use of Chloramine-T,” J. Cuem. Epuc., 8, 1187-9 (June, 1931). 


? GERSTENZANG, ‘“‘An Improved Method of Halogen-Ion Separation and Detection 
by Means of Chloramine-T,”’ zbid., 9, 318-9 (Feb., 1932). 
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This entire procedure was repeated with the bromide solution. Only 
afaint trace of color could be detected in the third test tube at the 1:100 
dilution, while the carbon tetrachloride and carbon disulfide were light 
yellow. The third tube was colorless at the 1:200 dilution but the carbon 
disulfide was still a light yellow and the carbon tetrachloride was a faint 
yellow. 

In both cases the carbon disulfide proved a little more sensitive than the 
carbon tetrachloride. This improvement can be applied to the method 
suggested by Gerstenzang” by drawing off in a test tube three or four cc. 
of the solution at each point in the procedure where the chloramine-T is 
to be added. To this sample is added half a cc. of carbon disulfide or 
carbon tetrachloride, three or four drops of a 5% solution of chloramine-T 
are slowly added, and the tube is thoroughly shaken. Whether the result 
of the test is positive or negative, the procedure suggested? after such a 
result is carried out on the main portion of the solution. 


OK, 


(Continued from page 1648) 


top of the electrolyte to act as a valve. It would allow the gases produced 
in charging to be given off but would not allow the carbon dioxide of the air 
to react with the ferrous compound and destroy the battery. The nickel 
is the positive plate, and the iron the negative. When the cell is charged 
the active material on the positive plate is nickelic oxide and nickelic per- 
oxide. On the negative plate, when charged, it is iron; and when discharged, 
is ferrous hydroxide. 

The plates are formed by repeated cycles of charge and discharge. Each 
cell should develop 1.2 volts. By means of movable clamps the desired 
voltage may be obtained. 








A HANDY MANOMETER FOR THE ORGANO-CHEMICAL 
LABORATORY 


M. Q. Doja, ScIENCE COLLEGE, PATNA, INDIA 


A small, direct-reading, and fairly accurate manometer! can be set up in 

the following manner. 
A strong bulb about an inch in diameter is blown in the middle of a piece 
of stout-walled glass 


] tubing, A, having an 
c : : 

internal diameter of 

()} about a tenth of an 


inch? (Figure I). The 
tube is then bent as 


| 
B 
shown in Figure II. 
To the bent bulb-tube 
is sealed another piece 
of glass tubing, B, of 
the same kind and the 
It I 





> 




















joint is drawn out a 
little. This new tube 
(LJ) is bent twice at right 
angles at such points 
as will give the shape 
depicted in Figure III. 


Another small tube, C, 
is fused to the upper 
9 | horizontal portion of B 
to give a T and the open 
end of B is joined to 
that of A and well 
sealed (Figure IV). 
A- Ads Pure dry mercury is 
poured into the bulb of 
the manometer through 
VI 


the tube C by means 
Vv 


I 


























Figures I-IV.—GLAss-WorRKING OPERATIONS 
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Cc 
B 

of a thistle tube pro- 

be | vided with a capillary 

| LJ stem until the bulb is 

FicurEs V—VII.—FILLING AND SEALING a little more than half 


























‘ A manometer somewhat similar in type has been in use in the chemical laboratory 
at Cambridge, England, for some time, but the faulty method of filling gave unreliable 
readings and the absence of any arrangement for preventing the entrance of vapors 
into the manometer rendered it useless after a very short time. 

* This size is chosen only for its convenience; other sizes may also be used if de- 
sired. 
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air to enter, the whole apparatus is discon- 

nected and the unnecessary portions of glass 

tubing removed (Figure VI). The zero 

point (A) is then permanently marked by 

means of a good file and a millimeter scale #z 
(prepared by pasting some graph paper on a 

piece of thin cardboard) is attached to the 

manometer by wire, the zero of the scale 

being in line with the file mark (A) (Figure perk 
VII). For the sake of safety and conveni- F 
ence the open end of the manometer is 

inserted in a rubber stopper carrying a stop- 

cock (F) provided with a side tube,‘ and the 

stopper is introduced into the neck of an 
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full (Figure V). The whole apparatus is then immersed in water con- 
tained in a large beaker and well exhausted* by a Cenco-Hyvac pump 
connected to a standard manometer. The water is heated to boiling and 
the exhaustion continued, with gentle shaking of the apparatus from time 
to time, until the mercury in the standard manometer remains stationary 
at about zero for 15 minutes. The drawn-out joint is then hermetically 
sealed by means of a hand blow-pipe and the position of the mercury 
head in the tube marked. This gives the zero point of the new manome- 
ter. After stopping the pump and allowing 






































ordinary filtering flask (Figure VIII). To 

the open end of the manometer is attached 

by a piece of rubber tubing a small calcium 

chloride tube (#7) containing a mixture of 5 
anhydrous calcium chloride and soda-lime, 

closed at the other end by a cork fitted with H 
a glass tube. The tap serves as a control cs 

for the introduction of air when the instru- : 
ment is in use, and the calcium chloride 

tube prevents the entrance of moisture into © 


the manometer—a source of constant Ficure VIII.—THe MaNoMeTER 
trouble in an organo-chemical laboratory. er 

The instrument evidently does not claim any high degree of accuracy but is 
sufficiently accurate for ordinary purposes. It is small in size, has a long 
life, is direct-reading, and requires no attention except the occasional 
recharging of the calcium chloride tube. These qualities, together with 
its simplicity, make it very useful for every-day purposes. 


3 WHEELER, T. S., J. ReEmty, aNnD W. N. Rag, Methuen & Co., Ltd., London, 
1926, cf. “Physicochemical Methods,” p. 371. 

4 The place of the stopcock can equally well be taken by an ordinary T-picce pro- 
vided with a piece of pressure tubing and a screw clip. 


A SIMPLE ASPIRATOR TRAP 


EDWARD F. DEGERING, PURDUE UNIVERSITY, LAFAYETTE, INDIANA 


The accompanying figure shows a simple, easily constructed, and de- 
pendable aspirator trap. In most laboratories where aspirator filter pumps 
are in use, the fluctuations in the water pressure are usually great enough to 
cause a pump to “suck back,’’ often resulting in a ruined procedure, 
While the new aspirator pumps are usually equipped with a check valve, 
these valves soon become corroded and fail to work, hence are not entirely 
satisfactory unless the check valves are replaced periodically. 

A trap constructed as indicated in 


the drawing, is dependable even under 
extreme fluctuations in the water pressure, 


«From Flask 
1 i and there are no parts to wear out. If 
necessary, the mercury may be cleaned 
ad as usage requires. 

q If the outlet:from the mercury trap is 
placed exactly opposite the inlet tube 
just above the surface of the mercury, as 
shown in the drawing, there is no hazard 
of sucking the mercury into the aspirator 
pump. However, the lower end of the 
outlet tube should be open and dip below 
the surface of the mercury, and the bore 








«Screw Clamp 
To Drain 


7 ‘ of the tube should be about 7 mm., so 
sg habtoninn that mercury particles spattered into the 
outlet will fall back to the mercury trap. 


The calcium chloride tube serves as a 
} moisture trap, not entirely necessary, 








which may be drained as needed. 
The inlet tube to the mercury trap 
+Mercury should dip just far enough below the 
surface of the mercury to insure a column 
of mercury in the tube capable of balancing the vacuum obtainable. If 
the bore of the inlet tube is 2 to 3 mm., the inlet tube should extend about 
5 to 10 mm. below the surface of the mercury. 

The only experimental disadvantage encountered in the use of such a 
trap is the decreased efficiency of the pump, due to the 5 to 10 mm. of 
mercury through which the vapors must be drawn. But the slight de- 
crease in vacuum is negligible compared to the usefulness, permanence, and 
dependability of a properly constructed trap of this type. 
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THE DISCOVERY OF THE ELEMENTS. VANADIUM 















gh to 

dure, DEAR SIR: 

alve, Your May issue contains part of an article devoted to the discovery of 

irely the elements, the last portion of which deals with the history of vanadium. 
While the author has described very interestingly the historical side of her 

1 in theme, it is extremely unfortunate that she has not studied the literature 

nder on the uses of the element with as much diligence. 

sure, The fact that the publication reaches and is undoubtedly thoroughly 

If read by those who are responsible for imparting chemical knowledge to the 

ined younger generation, makes it necessary that all of each article be reason- 
ably correct rather than only a portion thereof. The last paragraph of the 

D is article in question is so obviously in error and so contradictory to recently 

ube published material from many sources that it must be commented upon. 





Readers unacquainted with metallurgical principles will gain from this 

























, as 
ard paragraph the impression that a solid element is added to steel for the 
tor purpose of reacting with gas bubbles contained in the molten mass and thus 
the causing their disappearance, rather than for the purpose of reacting with the 
ow gaseous elements, while dissolved or combined in the liquid steel, thus to 
ore prevent gas bubble formation. This is quite aside from the fact that 
so vanadium is not used for deoxidation purposes. And failure to mention a 
he major chemical use of the element, much in the forefront in current litera- 
ip. ture, is equally serious. 
a In the metallurgical industry, although there is some use of vanadium 
y; in combination with non-ferrous metals, and a moderate amount is used 
in chilled cast irons and those employed at high temperatures, by far the 
ip greatest consumption is in the manufacture of steels. Its uses in steel are 
1e based upon two major properties; first, its effect in decreasing the grain 
n size and controlling small grain size in steels, which property may be 
If associated with the formation of highly dispersed vanadium compounds 
t even in thoroughly deoxidized steels; and second, the stability of vanadium 
carbides at elevated temperatures. Thus vanadium is widely employed in 
a constructional steels, both cast and wrought, due to the high elastic 
f strength and high toughness resulting from both the fine-grain size and the 
‘ highly dispersed stable carbides. Typical applications are: automotive 
1 and aircraft gears, springs, crankshafts, connecting rods, etc., forged and 





cast members of heavy locomotives and of mining machinery, and large 
reaction vessels (both forged and welded) for the general chemical and 
petroleum industries. Tool steels of all types employ vanadium, the 
amounts ranging up to: 1% in the simpler types, the element being used 
1657 
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for its beneficial influence upon both fabricating properties and service life, 
All modern high-speed steels likewise include vanadium as one of the most 
important constituents; the stability of the complex vanadium carbides 
offers important advantages in permitting continuous operation of the 
tools under conditions producing high temperature of the cutting edge. 

Mention was made above of an important chemical application. There 
has been extensive commercial use of vanadium catalysts in the prepara- 
tion of contact sulfuric acid and in the manufacture of phthalic anhydride. 
This field is still growing and in addition many other catalytic reactions 
are being studied experimentally and commercially with vanadium com- 
pounds. 

The reproduction of this letter in your publication will be greatly ap- 
preciated. 

Yours very truly, 
JEROME STRAUSS 
Chief Research Engineer 


VANADIUM CORPORATION OF AMERICA 
BRIDGEVILLE, PENNA. 


To the Editor 


DEAR SIR: 

Before replying to Mr. Strauss’s foregoing criticism of my brief paragraph 
about the uses of vanadium,! it seems necessary to explain that in the 
articles on “‘The Discovery of the Elements’ no attempt has been made to 
include detailed information about the properties and uses of any of the 
chemical elements. In the case of a few of the less common ones, how- 
ever, the articles contain a brief statement regarding some modern 
application. 

In Part XI,? which was published before Mr. Strauss’s letter was brought 
to my attention, the statement is made that vanadium and titanium are 
added to steel in the form of the iron alloys, and I ought to have made 
this point clear in Part VII in the section on vanadium. The ambiguity 
undoubtedly arose from the insertion of the preceding paragraph after the 
remainder of the manuscript had been prepared. 

Metallurgical literature contains many conflicting statements about 
the use of vanadium in steel.. In his treatise* on ‘“The Metallography and 
Heat Treatment of Iron and Steel,’’ Sauveur states, 


1 J. Cuem. Epuc., 9, 882 (May, 1932). 

2 Ibid., 9, 1237 (July, 1932). 

3 SauveEuR, “The Metallography and Heat Treatment of Iron and Steel,” 3rd 
edition, University Press, Cambridge, Mass., 1926, p. 342. 
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1927, p. 69. 


CORRESPONDENCE 





Vanadium deoxidizes the molten steel, refines the grain, increases 
elastic limit, strength, hardness, and resistance to shock, to fatigue, 
and to wear. Added to chromium steel it enhances the valuable 
properties imparted to steel by chromium, hence the value of chrome- 
vanadium steel. It is quite possible that this beneficial effect of 
vanadium.may be due, in part at least, to its powerful deoxidizing 
action. 


If, however, vanadium is no longer used as a deoxidizing agent, I accept 
the criticism. 


Since my statement in Part XI about the use of ferro-titanium in steel? 


may also require some amplification, the following passage from Thornton’s 
monograph on titanium‘ may be quoted: 


As early as 1901, and perhaps sooner, Rossi seems to have been aware 
that titanium, when added to steel in the form of ferro-titanium, is 
capable of bringing about certain desirable results; and, since in some 
cases analyses of titanium-treated steels showed little or no residual 
titanium, he was inclined to think that the improvement was due to 
some indirect action on the part of the titanium and not to an ordinary 
alloying effect. This supposition has since been fully confirmed by 
many experiments—it being now well known that the beneficial action 
of ferro-titanium, when added to iron or steel in the molten condition, 
depends upon the fact that at high temperatures titanium has a very 
strong tendency to combine with both oxygen and nitrogen to form 
stable oxides and nitrides, which rise to the surface and are removed 
with the slag, thus sweeping the metal free of air vesicles (or from 
these gases otherwise held) and at the same time preventing segre- 
gation. Hence the ingots or castings show greater soundness, clean- 
ness and freedom from segregated impurities as compared with the un- 
treated steel. 


Sincerely yours, 
Mary ELvirA WEEKS 


THE UNIVERSITY OF KANSAS 
LAWRENCE, KANSAS 


Ow) 


THE ALUMINUM STATUE OF CHARLES M. HALL 


On page 1408 of the August, 1932, issue of the JOURNAL OF CHEMICAL 
EpucaTIon the credit line—Courtesy of Fisher Scientific Company—was 
inadvertently omitted under the illustration of the aluminum statue of 
Charles M. Hall. 


‘THORNTON, “Titanium,” The Chemical Catalog Co., Inc., New York City, 
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APPARATUS, DEMONSTRATIONS, AND LABORATORY PRACTICE 


Industrial stunts for the home chemists. R. B. Wames. Pop. Sci. Mo., 121, 
60- -1 (July, 1932).—Lead trees, chemical gardens, blue stalactites, and an amateur 
“gas works”’ are the experiments described for this issue. B. C,H: 
Experiments with oxygen. R. B. Wares. Pop. Sci. Mo., 120, 64-5 (June, 
1932).—The experiments described are those which most beginning college chemistry 
students perform in the course. The equipment, however, introduces some novelty in 
the procedures. Spring clothespin clips, by sawing off one jaw of each of one pair and 
bolting these two together, sawed-off jaws adjacent, and bolting the handle end of a 
third to one of the handles of this joined pair, produces a very satisfactory test-tube sup- 
port clamp. Separatory funnels are expensive. This article describes a substitute 
requiring an ordinary funnel, a short length of rubber tubing and a glass stirring rod. 
A cigarette lighter is suggested as substitute for an alcohol lamp for heat for the home 
laboratory. BC. 
A hot-water funnel. V. A. Toscanr. Chem. Analyst, 


tures. The apparatus consists of two funnels, the stem of A 
being small enough to fit into B. The stem of B is cut about 
one inch below the joint of the funnel. The two funnels are 
fastened at C with rubber tubing, and the funnels are so ar- 
ranged that the top of the smaller funnel is slightly below 
that of the larger. A piece of glass tubing inserted between 
the two walls, and reaching almost to the joint, is connected to 
the hot-water supply. The rate of flow is adjusted so that 
the siphon maintains the proper height of liquid. D.C.L. 
A convenient method of cleaning 
pipets. J.R. Lewis. Chem. Analyst, 
21, 21 (Mar., 1932).—Pipets are often 
kept in tall cylinders containing cleaning solution with the 
result that the smaller ones are completely immersed. If the o 
pipets are attached to a ring by means of rubber tubing as 
shown in the diagram, they can readily be raised and allowed to 
drain, and, if desired, immersed in another cylinder containing 
water and rinsed. In this way one pipet can readily be removed 
without disturbing the others, and there is no danger of damag- 
ing the tip when a short pipet is to be placed in the cleaning 
liquid. DC. de. 
A convenient mercury measuring device. L. V. CLIFcORN 
AND W. S. THompson. Chem.-Analyst, 21, 22 (Mar., 1932).—In 
routine determinations where a definite amount of Hg is to be 
added, this device has been found much more efficient than the 
use of adipper. A separatory funnel having a stopcock with about 
4-mm. bore is used. The stopcock is removed and filled ¢ = 
with melted paraffin. One side of the paraffin is scraped out 
so it will hold the desired amount of Hg, the. other side being cut off even. Hg is then 
put into the funnel, and one rotation of the stopcock delivers the desired amount of He 
affording a rapid, reliable, and convenient method of handling the Hg. D. 
Cleaning platinum ware. A. SATTLER. Chem. Analyst, 21, 23 (Mar., 1983) — 
The use of sea-sand scratches platinum ware and reduces its weight. Wet a finger and 
rub it over pumice soap several times to produce a lather and then rub the platinum 
that needs cleaning with the soapéd finger. It cleans much more quickly ne with less 
action on the platinum. ; ED, 
Annealing laboratory glassware. B. T. ErrInGER. Chem.-Analyst, 21, 18 (Jan. 
1932).—Pieces of apparatus made in the laboratory, such as joints and bends, can be an- 
nealed by placing on a heated hot plate and leaving until the plate cools. If desired it 
can also be covered with asbestos, especially when the contact with the hot plate is not 
very good. Dek. 
A convenient method of applying liquid paraffin. N.ScnHapiro. Chem.-Zig., 56, 
43 (May 28, 1932).—Fill a small Erlenmeyer flask with paraffin and close it with a one- 
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hole stopper which has been fitted up with a piece of glass tubing. Whenever liquid 
paraffin is needed heat the flask and apply the liquefied paraffin by means of the glass 
tube. Usually the paraffin will remain liquid within the pipet for a little while due to the 
poor heat conductivity of the glass. However, if it should solidify it is only necessary 
to draw the pipet through the Bunsen flame once. 

If larger amounts of liquid paraffin are required an ordinary calcium-chloride tube is 
used. Draw out the end of such a tube and fill the wide neck with solid paraffin. On 
melting the paraffin it will slowly drop from the tip and can thus be applied neatly 
wherever wanted. L..$. 

An inexpensive microscopic projector. D.Maparis. Science, 75, 588-90 (June 3, 
1932).—A projection and drawing apparatus which embodies many desirable features 
not found in commercial machines can be made according to diagrams and the descrip- 
tion given in this article. G. H. W, 

Oxidation reactions with ferricyanides. L. ROSENTHALER. Chem.-Zig., 56, 
441 (June 4, 1932).—A blue coloration results on mixing equal volumes of a 1% solution 
of pyramidon, 0.1% solution of potassium ferricyanide, and 1% solution of lead acetate. 
In this reaction the pyramidon is oxidized and the lead ferricyanide is changed to the 
ferrocyanide. Pyramidon yields the same blue color with many other oxidizing agents 
such as bromine, iodine, and ferric chloride. Potassium ferricyanide alone does not give 
this blue color with pyramidon; other salts must be present. Besides salts of lead it is 
possible to use salts of zinc, cobalt, nickel, copper, mercury, bismuth, tin, cadmium, 
silver, and aluminum; salts of potassium, sodium, ammonium, calcium, barium, stron- 
tium, and magnesium do not undergo this reaction. This reaction is not limited to 
pyramidon but occurs with a few other organic substances that can be oxidized easily, 
such as pyrogallol. 1 5 

Color detection of calcium in the presence of strontium. F.L. Haun. Ber., 65, 
207-9 (Feb. 6, 1932).—The dye solution is prepared by adding chinalizarin to 1 N 
NH,OH until the solution assumes the shade of a N/10 solution of KMnO, (about 50 
mg. per 100 cc.). Use 2-3 drops of the reagent per cc. of the test solution. 

Calcium alone: Samples of 1, 0.5, and 0.2 mg. of Ca per cc. when treated with am- 
monium oxalate show a pronounced, moderate, and faint turbidity. The same tests in 
the presence of the dye show a very strong, easily recognizable, and faint coloration of 
blue (on standing). . 

Calcium together with strontium: If the concentration of calcium is not too small the 
difference in color between strontium and calcium-strontium solutions is easily recogniz- 
able when the hot solutions are treated with the dye and a slight excess of the oxalate 
and the solutions are allowed to stand a little while. If the concentration of calcium is as 
low as 0.5% (10 mg. of strontium and 0.05 mg. of calcium per cc.) the detection is carried 
out as follows: Five cc. of the test solution is made alkaline with NH,OH and heated to 
boiling after the addition of 0.5 g. of NasS.O3. A concentrated solution of (NH4)2SO;4 is 

added drop by drop until precipitation is completed. The dye is added, the contents 
mixed thoroughly and poured into two test tubes. Two to three drops of a saturated 
solution of ammonium oxalate are added to one of these two tubes. The precipitate in 
the test tube containing the oxalate will gradually assume the blue color. S. 

A neutral standard for hydrogen-ion work and accurate titrations which can be pre- 
pared in one minute. See this title, p. 1662. 


KEEPING UP WITH CHEMISTRY 


Diamonds made to order. ANoN. Pop. Sci. Mo., 121, 16-7 (July, 1932).— 
Doctor Ralph H. McKee has produced artificial diamonds of about one-twentieth carat 
in size. He followed the Moissan method of preparing this substance. The diamonds 
so prepared are to be used largely for apparatus designed to cut hard objects. 

B.C 

An interesting source of iodine. E. ScHANTL. Chem.-Ztg., 56, 341-2 (Apr. 30, 
1932).—Until lately iodine was obtained commercially either from the ash of seaweed 
or saltpeter waste liquors. During the last few years a new industry is building up in the 
lowlands of India where iodine is being obtained from wells and underground water. 
Large quantities of water rich in iodine were found on the island of Java. The under- 
ground water which is brought to the surface by pumping is usually turbid due to the 
presence of sand and sludge; it is alkaline and contains a large number of salts in solu- 
tion. The content of dissolved salts varies from source to source between rather wide 
limits and in time may vary for a particular well. 

An analysis of the water of the well ‘‘Bulu’”’ near Surabaja is included. The water 
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is colorless, faintly alkaline, smells of hydrogen sulfide, and has a distinct salty taste, 
Its specific gravity at 27.8°C. is 1.02362. 

The iodine is obtained as cuprous iodide. The crude product is yellowish gray and 
has an average iodine content of 52-55%. The purified product, Cua, containing 
66.63% of iodine, is insoluble in water, not hygroscopic and hence can be sia er 
easily, a quality which is of great importance in tropical countries. 1 oa 

Casein as a basis for a plastics industry. K. Haupt. Chem. & Met. Eng., 49, 
319 (June, 1932).—The conventional Galalith Process for making plastics from casein 
is: grind up the casein, mix with 20 to 30% HO, add a desirable pigment, and feed into a 
stuffer, which produces rods of desired thickness. The rods are bathed in formaldehyde, 
dried, and sold. The rods may be assembled when fresh ina hot hydraulic press, coéled 
in the press, and removed as slabs. Two types of casein are available, the acid-precipi- 
tated and rennet-precipitated, the latter making the better plastics. Mills with rapidly 
rotating grinding faces are best. Either dyes or mineral pigments can be used for color- 
ing. The stuffer compresses, masticates, homogenizes, and ejects the casein by means of 
a spiral conveyor. The temperature of its parts is controlled. The formaldehyde is 
absorbed, causing swelling. It also replaces the hydrogen of the amino groups with 
methyl groups. Time consumed by formaldehyde treatment and drying gives a very 
extended time cycle of operation. Slabs and rods must be cut to desired objects and 
cannot be produced direct. The product is not as good an insulator as synthetic 
resins, and is more difficult to bend, polish, and stamp than celluloid. Buttons, poker 
chips, and beads are the best articles made by mass production. J. W. H. 

Photographing the birth of an atom. W. D. Harkins. Sci. Am., 146, 350-3 
(June, 1932).—‘‘The dream of alchemists has been realized in that it is possible to trans- 
mute one element into another. Thus far, however, the process has been exceedingly 
slow and laborious, so there is, at present, no certainty that the enormous amounts of 
energy liberated in building of atoms can be utilized directly in heating buildings or the 
production of power.’ G. H. W. 

A neutral standard for hydrogen-ion work and accurate titrations which can be pre- 
pared in one minute. R. J. Wi_tiAMs AND C. M. Tyman. J. Am. Chem. Soc., 54, 
1911-2 (May, 1932).—Solutions of ammonium acetate between 0.5 and 0.1 normal are 
found to have a pH of 7.00 to 7.01. G. H. W. 

Electron tubes. A new versatile production tool W.R.Kinc. Chem. & Met. 
Eng., 39, 321 (June, 1932).—The most delicate indicating instruments may control opera- 
tions by equipping their moving systems with means for interrupting a light beam. The 
newest electron tube is the ‘‘Thyratron,”’ a three-element hot cathode tube containing 
mercury vapor or some inert gas. Internal voltage drop is reduced to 10 or 15 volts and 
permits anode currents. Various combinations of devices have been designed for 
general or specific requirements, being most suited where automatic control of motor 
speed is desired in response to some mechanical movement which does not have enough 
force to operate upon ordinary motor control equipment. A motor of several horse- 
power can be controlled directly and smoothly by varying the amount of light on a 
phototube. It is also possible to initiate control functions (as automatic weighing) at 
desired points. Many applications are possible. J. Wie. 

Radium, life-giving element, deals death in the hands of quacks. M.Mox. Pop. 
Sci. Mo., 121, 9-11, 105-6 (July, 1932).—‘‘The Federal Trade Commission, the United 
States Food and Drug Commission, state and municipal health agencies, and medical 
associations are fighting to drive from the market nostrums whose supposed healing 
properties are credited toradium.... Radium is the last thing in the world that should 
be sold over the drugstore counter like cough drops or castor oil.” 

The death of Eben M. Byers, former national amateur golf champion, roused the 
authorities. His body is credited with containing the largest amount of radium ever 
found in a human being—‘‘more than thirty micrograms, enough to kill three men.”’ 

That such remedies are in the market is verified by the recent shipment of 1670 
bottles of Canadium radium tonic seized by government officers at Buffalo, N. Y. 

Some of the properties of radium are presented in this article in a manner not easily 
forgotten: as the skeleton of a man who died from a ten-microgram dose will give off 
370,000 electrical particles per second now, but 730 years hence the rate will be 185,000 
per second; a foot from a body five years dead photographed itself upon a photographic 
plate in the dark; and one of the watch dial painters, a victim of radium poisoning, one 
very dark night saw an unearthly light radiating from her body. 

The alpha particles are the destructive rays, the beta particles produce the burns, 
and the gamma rays produce the helpful results in cancer treatment. 

The problem of screening the first two sorts of rays and directing the third upon 
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only the spot to be treated is considered in the paper. Conserving radium’s by-product, 
radon gas, comes in for attention. Advantages of radon over radium treatment are 
enumerated together with the manner of its collection and distribution. Radon does 
not produce necrosis since it gives off no alpha particles but does produce anemia. 
There is a possibility of less expensive radium being produced if richer natural deposits 
are found. B. C.E. 
“Rubber” from a chemical laboratory. F. D. McHucu. Sci. Am., 147, 34-5 
(July, 1932).—‘‘Thiokol,” a rubber substitute, is made from the interaction of olefin and 
the polysulfides by a rapid and simple process. It is especially resistant to corrosion by 
gasoline, oil, and other similar substances, and in many cases is used to great advantage 
in the place of rubber. _W. 
Devising plant and process for simplified rayon manufacture. T.R. Outve. Chem. 
& Met. Eng., 39, 326 (June, 1932).—The new cuprammonium rayon process employed 
by the Furness Corporation consists essentially in steps: dissolving CuSO, in water — 
precipitating Cu(OH), by NaOH — filtering — suspending in aqua ammonia — to 
which is added purified cotton linters — mixing — diluting with water — filtering ~ 
deaérating — spinning — coagulating in NaOH bath — neutralize with H,SO., > wash > 
dry by steam and air — twisting — finished yarn. Refrigeration, air-conditioning, and 
special ventilation are unnecessary. Spinning solution keeps indefinitely. Tempera- 
tures and viscosities require minimum of control. The process is continuous, and re- 
quires little labor. Recoveries are high. The quality of product is excellent. Thread 
sizes are easily varied. Operating and investment costs are considerably less than any 
other process now in use. 2” Wee 
Coal-tar distillation by hot gas at the coke oven plant. G.E.McCioskrey. Chem. 
& Met. Eng., 39, 333 (June, 1932).—Assembly and details of a modern plant for tar dis- 
tillation with coke oven gases are given. The distillation main, employing a sprayroll 
atomization of tar, embodies the essential feature. It incorporates the repeated con- 
tacting of pitch and gas by means of a revolving roll dipping into pitch for a depth of 
about one inch. J. W. H. 
Heat transfer through industrial glass tubing. J. H. LirrLeron, Jr., anv H. C. 
Bates. Chem. & Met. Eng., 39, 315 (June, 1932).—A report of three studies of heat 
transfer—(1) steam to cold water in a tubular condenser, (2) hot water to cold water ina 
tubular heater, (3) hot water to cold water in a Cascade Cooler-Counter Flow—and 
provides information from which to design heat-transfer equipment involving glass. 
The results indicate that with glass tubes the low volume-conductivity reduces the over- 
all heat transfer, but to much smaller extent than would be expected. JW. 
Types, uses, and testing of refractory cements. W. R. Kerr. Chem. & Met. 
Eng., 39, 331 (June, 1932).—Basically refractory cements contain clay and grog (crushed 
buck, refractory mineral aggregate, ground saggers, etc.). Grog is the refractory ma- 
terial of the cement and reduces drying and firing shrinkage. Cold bonding agents as 
sodium silicate, dextrine, molasses are added in many combinations. To make the 
cement super-refractory are added chromite, calcined diaspore, mullite grain, silicon car- 
bide, alumina, and sillimanite. 
Common uses are as bond in setting brick, wash-coating finished walls, and patching. 
Desirable properties are (1) chemical inertness to furnace gases, slag attack and re- 
fractory attack, (2) low drying and firing shrinkage, (3) refractoriness equal to brick on 
which used, (4) same coefficient of expansion as material on which used, (5) workability, 
(6) set in few hours. Methods of testing are given. j We 


SCIENTIFIC REVIEWS AND BIBLIOGRAPHIES, TABULATIONS OF 
SCIENTIFIC DATA 


Radioactivity and theorizing. B. Wiis. Am. J. Sci., 23, 193-226 (Mar., 1932). 
—The theories of Holmes, Joly, Chamberlain, Barrel, and Adams, in regard to the dis- 
tribution of radioactive minerals in the earth and the heat effects caused by these min- 
erals, are grouped under two heads and critically discussed. The theories of Holmes and 
Joly are based on the assumption of a regular distribution of radioactive minerals 
in the crust and substratum of the earth. The theories of Chamberlain, Barrel, and 
Adams assume an irregular distribution of radioactive elements. The author feels that 
the facts and logical inferences tend to substantiate the second viewpoint and that these 
theories assign to radioactivity an important réle in keeping with its probable 5 
and efficiency in the supplying of heat in the earth. E. 

Our greatest decade in chemical manufacture. O.W1son. /nd. Eng. Chet 24, 
388-97 (Apr., 1932).—This article contains a survey of the chemical industry from 1919- 
29, with values given for 1914 to show the growth during the war years. Products are 
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classified under the following headings: I, Acids; II, Nitrogen and Fixed Nitrogen 
Compounds; III, Sodium Compounds; IV, ‘Potassium Compounds; V, Alum and Other 
Aluminum Compounds; VI, Bleaching Compounds; VII, Coal-Tar Compounds; 
VIII, Plastics; IX, Chemicals, Miscellaneous. Tonnage and values of products of 
most important me »mbe srs in each group are given } 0 WF oe 
improved indicator chart. Syn. Org. Chem., 5, 3 (June, 1932). Graphic 
representation of the pH ranges and color changes of sixty- one indicators. O.R 


HISTORICAL AND BIOGRAPHICAL 


Wilhelm Ostwald. W. Nernst. Z. Elektrochem., 38, 337-41 (June, 1932)— 
A talk given at the meeting of the Deutsche Bunsen- Gesellschaft on May 16, 1932, in 
memory of Ostwald. Portrait. M. W. G. 

Ostwald on chemical energy. “A classic of science.” Sci. News Letter, 21, 
278-80 (Apr. 30, 1932).—Reprint of a paper read by W. Ostwald before the World’ s 
Congress of Chemists, Aug. 26, 1893, and published in the J. Am. Chem. Soc., vol. XV 
(Aug., 1893). Teachers who have found the topic ‘ ‘energy’ as related to chemistry 
somewhat vague should read this ‘‘classic’’ which in a very lucid manner sets forth the 
factors of chemical energy, energy related to equilibria, and the absence of the time 
factor in the equation of energy. B. CoH, 

Helvetius, Spinoza, and transmutation. M. Nirzrenstein. J/sis, 17, 408-11 
(1932).—Kopp, Schmieder, Figuier, and other writers on the history of alchemy have 
reported that Spinoza inquired into the transmutation alleged by Helvetius (1666) and 
confirmed the reported facts. Nierenstein quotes a letter of Spinoza, dated March 
25, 1667, and addressed to Jarig Jelles (previously quoted by Figuier and Kopp), which 
proves that Spinoza made diligent inquiry relative to the transmutation of Helvetius 
and found evidence which at least supp ...ed the opinion that the transmutation had 
occurred. He also quotes a letter of Spinoza to Schuller, dated Nov. 18, 1675, in which 
Spinoza says——‘‘For the more I consider the thing itself, the more I am persuaded that 
you have not made gold, but had not sufficiently separated what was latent in the an- 


timony.’’ Nierenstein concludes that Spinoza ‘‘neither believed in nor supported trans- 
mutation” but fails to adduce any evidence which shows that he was more than skeptical 
about it. i a ae: 


The first synthetic dye. E.L. Weart. Chemist, 9, 517-23 (June, 1932).—Some 
chemical experiments at the house of a friend started fourteen-year old William Perkin 
on his career as a chemist. At eighteen he was an instructor. During his Easter vaca- 
tion in 1856 in a small laboratory at his home he accidentally made some of the first 
brightly colored material, Tyrian purple or mauve, from coal tar. He stopped teaching 
and began to manufacture the dye. At twenty-thice he lectured before the Chemical 
Society of London as an authority on dyeing with coal-tar cc!o::. Some of the modern 
consequences of this work are discussed. E. R. W. 

The development of scientific research in the South. G. J. Ferric. Science, 75, 
595-9 (June 10, 1932).—In his retiring address delivered at Birmingham, Alabama, 
March 11, 1932, the president of the Alabama Academy of Science gives a brief survey of 
the history of educational development in the South and the part played by scientific 
research. A discussion of scientific research in each of the following fields is given: 
rayon, paper, cottonseed, fertilizers, naval stores, tung oil, blast-furnace slag. The 
agricultural and industrial South has not only profited greatly by the relatively small 
number of contributions it has made to scientific discovery, but it stands to reap much 
greater benefits from its research conquests of the future. G. H. W 

Chemistry at Nebraska. F. W. Upson. Chemist, 9, 523-8 (June, 1932).—An 
account of the development of the chemistry department at the University of Nebraska, 
and a brief review of the work offered at the present time. E.R. W 


ADMINISTRATIVE PROBLEMS AND DEVICES; CURRICULA 


Schools extravagant today without visual education. E. R. ENLow. Educ. 
Screen, 11, 103-4, 122 (Apr., 1932).—There is a four-fold economy in the utilization of 
visual aids: (1) a greater amount of learning with a greater satisfaction to the learner; 
(2) more of the learning retained after the. lapse of a period of time; (3) a reduced num- 
ber of “‘repeaters’’ with their expensive reinstruction; (4) the salvaging of such failures 
for further school work. 

The cost of equipment for such instruction is not more than that of two repeaters 
who tax their schools about $100 each for such retardation 
Chemistry at Nebraska. See this title above. 
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A Laboratory Manual of General Chemis- 
try. Leon B. RICHARDSON AND AN- 
DREW J. SCARLETT, JR., Professors of 
Chemistry in Dartmouth College. 
Larger edition, revised. Henry Holt & 
Co., New York City, 1932. viii + 1438 
pp. 23 Figs. 14 X 21.5cm. $1.50. 
This manual has been designed to con- 
form to the subject matter and order of 
presentation of Richardson’s ‘General 
Chemistry.”” Frequent reference to this 
text is encouraged and facilitated by means 
of bold-faced type which corresponds to 
the sections where important collateral 
material may be found. The arrange- 
ment and subject matter of this manual 
are such that it can be used in conjunction 
with any standard college text. 

The experiments have been carefully 
selected with regard to successful manipu- 
lation and purpose to be accomplished. 
The exercises are arranged in sixty-three 
sections of related material. It is not in- 
tended that the exercises of a section shall 
constitute the work of a laboratory period. 
The individual instructor has been left 
free to select the material to suit his own 
laboratory periods. Each section is pre- 
ceded by an introductory paragraph in 
which the authors attempt to create for 
the student a proper frame of mind for the 
work which is to follow. 

The exercises dealing with the metals 
may be used as an introduction to quali- 
tative analysis. To facilitate this use one 
section is devoted to the division of the 
cations into groups and another to.a sum- 
mary and classification of the reactions of 
anions as developed in the preceding pages. 
The manual contains also sections devoted 
to carefully selected experiments dealing 
with complex-ions, colloids, osmotic action, 
electromotive chemistry, carbohydrates, 
animal products, and synthetie organic 
Products. A well-arranged appendix con- 
tains lists of individual and general appa- 
ratus, chemicals, and a table of four-place 
logarithms. . 
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The work outlined in this book is within 
the capacity of the beginning student, the 
instructions are clearly written, and the 
printing and binding are excellent. 

A. E. MCKINNEY 


HAMILTON COLLEGE 
CLINTON, NEw YorRK 


Introduction to the History of Science. 
Volume II. From Rabbi ben Ezra to 
Roger Bacon. (In Two Parts.) 
GEORGE SARTON, Associate in the His- 
tory of Science, Carnegie Institution of 
Washington. Published for the Car- 
negie Institution of Washington by The 
Williams & Wilkins Company, Balti- 
more, 1931. Part I, From Rabbi ben 
Ezra to ibn Rushd. xxxviii + 480 pp. 
Part II, From Robert Grosseteste to 
Roger Bacon. xvi + pp. 481-1251. 
17.5 X 25.5cem. $12.00. 


This second volume covers the twelfth 
and thirteenth centuries and is half again 
larger than the first volume which covers a 
period of two thousand years. [For re- 
view of Vol. I, see J. Cnem. Epuc., 4, 
1562-4 (Dec., 1927).] Like the first vol- 
ume it is a book to be read—for every edu- 
cated person, no matter what his specialty, 
will find here something which makes con- 
tact with his interests and illuminates and 
extends them. For the chemist, the 
period under consideration is the time of 
the beginnings of European chemistry, of 
the infiltration of alchemy from the Mus- 
lims and the near East. One reads here 
also about the founding of the universities, 
the establishing of the various orders of 
monks, the development of the European 
vernaculars. He learns with what pro- 
priety St. Thomas Aquinas was a member 
of that Dominican order whose members 
were sometimes called Domini canes, and 
why they were so called, while Roger 
Bacon was a member of the Franciscan 
order which devoted itself to less Aris- 
totelian ideals. He learns how it is that 
Jews traditionally attract wealth. Dr. 
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Sarton not only reports the past but also 
philosophizes about the events and va- 
garies of humanity. Thus, in discussing 
religious intolerance, he mentions that it is 
one of the consequences of man’s gre- 
garious nature—for mankind cannot at 
one time tolerate too many leaders. It 
seems to the reviewer that there is more of 
this sort of thing in the second volume 
than there was in the first, and that the 
second volume is the better for it. But 
this may be because the second volume is 
larger; it occupies 10 cm. of shelf space. 
At any rate, if some of Dr. Sarton’s com- 
ments on the things which he chronicles 
are good, then more of his comments are 
better. 

The Preface, in which Dr. Sarton tells 
something of his purpose and his method 
of work, is followed by an Introductory 
Chapter which constitutes a general sur- 
vey of the scientific thought of the twelfth 
and thirteenth centuries, each science be- 
ing discussed in its turn. The chemist 
who reads only the section devoted to 
chemistry will find accounts of gunpowder 
and pyrotechnics, distilled waters and al- 
cohol, chemical arts and crafts, Arabic 
alchemy, the introduction of Arabic al- 
chemy into Latindom, and the beginnings 
of European alchemy; but he ought to 
read the whole of the chapter to under- 
stand more fully the relation of the prog- 
ress of chemistry to the progress of science 
and thought asa whole. The body of the 
work consists of four Books which cover 
respectively the first and second half of 
the twelfth and the first and second half 
of the thirteenth century. Each Book con- 
tains a Survey of Science and Intellectual 
Progress during the period with which it 
deals, followed by chapters on the several 
branches of science. Thus it is easy to 
find those portions of the work which re- 
late to a particular subject. 

The book has a fine index which makes 
it possible to use it as a dictionary. It 
cites sources at every point and may be 
used as a bibliography. But, more im- 
portant, it gives periodical inventories of 
knowledge, and, perhaps most important, 





constitutes a veritable map of man’s in- 
tellectual conquests, a map on which the 
centers and highways of communication 
are clearly set down and the by-ways and 
outlandish places are not overlooked. No 
serious library can afford to be without it. 
TENNEY L. Davis 


MASSACHUSETTS INSTITUTE 
oF TECHNOLOGY 
CAMBRIDGE, Mass, 


A Short Course in Qualitative Analysis, 
F. E. Brown, Professor of Chemistry, 
Iowa State College. The Century Co,, 
New York City, 1932. xiii + 332 pp. 
6 Figs. 13 X 20cm. $2.25. 


This’ text has been developed from 
mimeographed notes which have been used 
in the past five years by about 3000 stu- 
dents. The book therefore should be, and 
apparently is, free from those minor mis- 
takes which often beset first editions. It 
is divided into three parts: Theory, Pre- 
liminary Experiments, and Analytical 
Procedure. 

The first part constitutes over one-half 
of the entire book. In it are included 
only those theories which have direct 
application to the laboratory work, for 
example, discussions of ionization. re- 
versible reactions and equilibrium, hy- 
drolysis, oxidation and reduction, equa- 
tions, complex-ion formation, amphoteric 
properties, etc. The discussion of each 
topic is followed by a set of questions most 
of which cannot be answered by mechani- 
cally quoting from the text, but require 
some thought on the part of the student. 

The section on Preliminary Experiments 
constitutes about one-quarter of the book. 
This is made up of simple test-tube ex- 
periments given with the purpose of show- 
ing the behavior of the individual ions 
tested for in the systematic procedures. 
Each group of tests is also followed by nu- 
merous questions to be answered by the 
student. 

The last section, which is made up of the 
systematic examination of the cations and 
anions, is treated in a simple but satisfac- 
tory manner. Because of the expense in- 
volved, fusions are not resorted to in the 
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preparation of the solution, and through- 
out the procedures the use of pressure de- 
vices, perchloric acid, cyanides, and other 
substances or processes which might en- 
danger the student are not included. 
Hence no attempt is made to provide for 
the analysis of silicates. The experi- 
mental part of the course is designed to 
cover about sixty hours of work in the labo- 
ratory and twenty hours in the classroom. 

In the appendix is given a table of prop- 
erties of the more common inorganic 
compounds, somewhat of the same type 
as is found in the chemical handbooks. 

Throughout the book the author strives 
to make the discussions and explanations 
as Clear as possible. Indeed, there seems 
to be a tendency to go into too great detail 
in the explanations. A concise definition 
of equilibrium, such as the author gives on 
page 41, should not require several para- 
graphs of illustration involving comparti- 
sons to the water level of the Great Lakes 
and to the deposits in a savings bank to be 
perfectly clear to a college sophomore who 
presumably has satisfactorily completed: a 
course in general inorganic chemistry. 
Even such terms as precipitation, filtra- 
tion, and residue are carefully defined, al- 
though the term normal hydrogen elec- 
trode is used without explanation. 

After the author states that “‘the re- 
actions of electrolytes in solution are, for 
the most part, the reactions of their ions” 
and elaborates on this and related themes 
over several pages of text, it is disappoint- 
ing to find that he writes nearly all equa- 
tions in the molecular form and, judging 
from the sample report, apparently ex- 
pects his students to do likewise. 

Altogether, the book should serve as an 
excellent text for use in a course where the 
student’s previous preparation in inor- 
ganic chemistry has not been extensive and 
where an elementary course is desired 
which is simple and quite fool-proof in 
nature, but which covers the real funda- 
mentals of qualitative analysis. 

S. G. SIMPSON 


MASSACHUSETTS INSTITUTE 
A or TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 
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Quantitative Analysis. Epwarp G. Ma- 
HIN, Ph.D., Professor of Analytical 
Chemistry and Metallurgy in the Uni- 
versity of Notre Dame. Fourth edi- 
tion. McGraw-Hill Book Co., Inc., 
New York City, 1932. xv + 623 pp. 
98 Figs. 14 XK 20cm. $4.00. 


This book was written originally not as a 
complete reference work but as a text for 
the work to be covered in college courses, 
giving a reasonable degree of latitude in 
the selection of laboratory exercises. 
Eight years have elapsed since the pre- 
vious edition appeared and the book has 
been completely revised in the effort to- 
ward better presentation of the subject 
matter. The section on metallography 
has been omitted and a new chapter deal- 
ing with the determination of hydrogen- 
ion concentration and electrometric titra- 
tions has been added. 

The first 275 pages of the book are de- 
voted to general quantitative analyses 
with discussion and exercises covering 
gravimetric, volumetric, and electro analy- 
sis. Since a difference of opinion still ex- 
ists as to the correct explanation of certain 
processes in quantitative analysis, it is un- 
fortunate that the author has limited his 
discussion to one explanation in such cases 
as the anodic precipitation of lead dioxide 
on p. 133 and the action of the Zimmer- 
mann-Reinhardt solution on p. 226. The 
reviewer believes also that it would have 
been better if the author had included 
some discussion of precipitation indicators 
and the adsorption indicators of Fajans 
and his co-workers in the chapter devoted 
to this subject. 

The second part of the book of 74 pages 
is devoted to special measurements in- 
cluding density and specific gravity, heat 
of combustion, index of refraction, optical 
rotation, and electrometric titration. The 
third part of 146 pages covers the analysis 
of industrial products and raw materials. 
In this section is included the analysis of 
rock and cement, coal and gaseous fuels, 
burning and lubricating oils, saponifiable 
oils, water, steel and non-ferrous alloys, 
agricultural materials such as fertilizers, 
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milk, and butter, and fire assaying. 

The discussions are well written and.con- 
cise with numerous references to the 
original literature. The directions for the 
laboratory exercises are very clear and 
definite and no student should have any 
difficulty in carrying out the various de- 
terminations. With the variety of work 
presented any student who completes the 
work outlined should have a very good 
conception of the field of quantitative 
analysis. 

M. L. NICHOLS 


CoRNELL UNIVERSITY 
IrHaca, NEw YORK 


Microchemical Laboratory Manual. 
FRIEDRICH EmicH, Dr.Phil.H.C., Dr.- 
Ing.E.H., Professor at the Technische 
Hochschule of Graz, W. Mitglied der 
Akademie der Wissenschaften, Vienna. 
With a section on Spot Analysis by 
Fritz FEIGL, Privatdozent at the Uni- 
versity of Vienna. Translated by FRANK 
SCHNEIDER, Sc.M. John Wiley and 
Sons, Inc., New York City, 1932. xvi 
+180 pp. 14.5 X 23cm. $3.00. 


Many chemists in the United States, 
when referring to ‘“‘Microchemistry,’’ con- 
sider only the development of organic 
quantitative microanalysis by Professor 
Fritz Pregl. This is due largely to the 
award of the Nobel Prize, as well as to the 
rapid adoption of the methods by in- 
vestigators in the biological fields, who 
continually meet with small amounts of 
organic substances in their studies. It 
was the knowledge and appreciation of the 
value of the earlier and more compre- 
hensive work of Professor Emich and co- 
workers that led Professor Pregl to de- 
velop quantitative organic microanalysis 
when he obtained only a small amount of a 
new organic substance after a lengthy and 
tedious investigation of the bile acids. 

“The purpose of micromethods is to 
work with small amounts of substances. .. 
in qualitative microanalysis ‘drops’ or 
‘droplets’ containing, e. g., about 0.001 
mg.of active substance are fully adequate; 
quantitative microanalysis isusually within 
the range of 2-10 mg. of substance, and 





still higher are the limits of preparative 
micromethods in which one endeavors asa 
rule to obtain 1 cg.’’ ‘The reasons which 
compel the chemist to work with small 
quantities of substance are varied. Some 
are obvious, such as the purely economical 
ones.... Moreover, cases also occur where 
micromethods, because of their simplicity, 
reliability, or speed, are superior to the 
macromethods.... One is often able to 
control substances. ..whose explosiveness 
has, up to now, caused all scientists to 
recoil from their investigation.” 

“Every chemist who possesses a micro- 
scope can carry out qualitative micro- 
analysis (inorganic or organic), and where 
a microbalance is available, quantitative 
(inorganic) determinations are possible.” 

Quantitative organic microanalysis is 
not presented in this manual. 

Interest in the microchemical methods is 
increasing and soon all students of chem- 
istry will be acquainted with them and 
will use them in conjunction with the 
macromethods. Each has its place. 

This manual is designed primarily as a 
laboratory text and will be welcomed as 
such by teachers who are now giving in- 
struction in microchemical methods in 
colleges and universities in this counrttry. 
Students of chemistry who do not or did 
not have such instruction available will 
welcome the manual as a means of self- 
instruction. 

“The book is divided into two parts. 
In the first (general) part, Apparatus and 
Methods are described; in the second 
(specific) part, the application to a series of 
special cases is demonstrated.” 

Extensive and comprehensive references 
to the major publications in the field in- 
crease the value of the manual. Thanks 
are due to Mr. Schneider, not only for the 
tedious work involved in translation, but 
for the addition of references to papers 
appearing after the printing of the German 
edition, as well as the consideration given 
to suggestions made by American friends 
during the course of the work of transla- 
tion. 

The manual is published in the attrac- 
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tive form used by John Wiley and Sons, 
Inc. 

Space does not permit of a detailed re- 
view and it does not seem necessary, as 
every American chemist will want to be 
personally acquainted with any book by 
such an eminent authority and teacher as 
Professor Emich. 

Ravpu T. K. CORNWELL 


SyYLVANIA INDUSTRIAL CORPORATION 
FREDERICKSBURG, VIRGINIA 


Hydrogen Ions. Husert T. S. Britton, 
B.Sc.Bristol, D.I.C., F.I.C., Lecturer in 
Physical Chemistry, University College 
of the South-West of England, Exeter. 
Second edition. D. Van Nostrand Co., 
Inc., New York City, 1932. xvi + 589 
pp. 124 Figs. 13 X 22cm. $9.00. 


In the preface to the first edition the 
author states that he has endeavored: 
“firstly, to provide a practical discussion 
of the various electrometric and colori- 
metric methods of determining the concen- 
tration of hydrogen ions; secondly, to 
show the fundamental importance of hy- 
drogen-ion concentrations in general chem- 
istry, including volumetric and gravimetric 
analytical procedures; and, finally, to 
indicate the important réles played by 
hydrogen-ion concentrations in numerous 
industrial chemical processes, and how the 
various methods of measuring hydrogen- 
ion concentrations have been employed for 
the purpose of control.’’ In the preface to 
the second edition he states, ‘Every effort 
has been made. ..to bring the matter up- 
to-date in all of its many ramifications. 
In view of the increasing acceptance of the 
Debye-Hiickel-Lewis theory of electro- 
lytes, a chapter has been inserted in this 
edition (Chapter XI) which aims at pro- 
viding an adequate discussion of the the- 
ory, inasmuch as it relates to the several 
factors involved in the study of the ac- 
tivity of hydrogen ions.” 

If the subject is to be brought up-to-date 
it is not sufficient, in the opinion of the 
reviewer, to insert a chapter on the Debye- 
Hiickel theory, neglecting miodern the- 
ory thtoughout the rest of the book. In 
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particular, (1) in the paragraphs appearing 
in Chapter I under the heading “Theory 
of Solutions’”’ it could logically be shown 
what modification of the Arrhenius theory 
is now necessary. But no mention is 
made of the effect of interionic forces on 
the mobilities of the ions, and of the fact 
that even for weak electrolytes the simple 
A/A @ ratio does not give the true degree of 
dissociation. (2) In connection with the 
colorimetric method and the quinhydrone 
electrode salt effects are discussed, with 
the presentation of many data, but no 
fundamental treatment of these effects is 
given. (3) Although the author con- 
stantly speaks of pH as the logarithm of 
the reciprocal of the hydrogen-ion concen- 
tration, he bases its determination upon 
the electrometric method. He makes no 
attempt to explain the confusion arising 
from the employment of several definitions 
of pH. (4) The kinetic method of deter- 
mining hydrogen-ion concentration is 
omitted. (5) The extended theory of 
acids and bases is not considered. 

In spite of its failure to present con- 
sistently and clearly the theory underlying 
the determination of hydrogen-ion con- 
centration, the book has much to recom- 
mend it. For one desiring practical in- 
formation about the determination of pH, 
its value as a control in analytical chem- 
istry and in numerous industrial processes, 
“Hydrogen Ions,” second edition, is a 
storehouse of information. 

MARTIN KILPATRICK, JR. 


UNIVERSITY OF PENNSYLVANIA 
PHILADELPHIA, PENNA. 


The Donnan Equilibria and Their Applica- 
tion to Chemical, Physiological, and 
Technical Processes. T. R. Bovam, 
M.Se. (Bristol), D.Sc. (Edinburgh), 
Lecturer in Chemistry in the University 
of Edinburgh. G. Bell & Sons, Ltd., 
London, 1932, vii + 154 pp. 14 X 
22cm. Qs. net. 


As stated in the preface this book gives 
the first detailed survey, with references to 
every development of importance, of the 
whole subject of the ‘‘Donnan Equilibria.” 
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lt is a careful, scholarly work that should 
prove of the greatest usefulness to every 
one interested in this increasingly im- 
portant subject. The fundamental the- 
ory is developed by a number of methods 
and the applications are reported in suffi- 
cient detail so as to make their under- 
standing as simple as possible. 

If any criticism is to be made of this 
exceedingly worth-while book, it is that it 
bears too closely the earmarks of a com- 
pilation. The author appeared to be a 
bit too near the original papers in pre- 
paring his manuscript. In other words, 
the impression is not given of the master 
who searchingly surveys the field and 
writes with a complete understanding, but 
rather of the careful reporter who displays 
diligence and scholarship. 

However, the reviewer finds the author 
pleasingly frank in not thrusting the 
Donnan Theory into realms where its 
application is questionable. In this re- 
spect the book performs a real service to 
the theory. 

The work is so replete with simple 
linear algebraic equations that the ques- 
tion arises whether this very normal 
method of treatment makes for clearness. 
The reviewer cannot escape the thought 
that this fruitful and penetrating idea of 
Donnan’s should be phrased in poignant 
and clarifying sentences rather than in dull 
algebraic equations. No one has yet 
thundered the message of the Donnan 
Theory; Jacques Loeb tried it, but he also 
befogged the sweep and beauty of the 
idea with a maze of dry equations. This 
is the main fault of the book. 

W. A. PATRICK 


THE Jouns HopkKINs UNIVERSITY 
BALTIMORE, MARYLAND 


An Introduction to Organic Chemistry. 
Irs GARARD, Ph.D., Professor of Chem- 
istry in the New Jersey College for 
Women, Rutgers University. John Wi- 
ley and Sons, Inc., 1932. ix + 296 pp. 
15 Figs. 15 X 23cm. $2.75. 


Designed for the beginning student with 
but one semester to devote to organic 
chemistry in preparation for further study 
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in agriculture, biology, home econoinics, 
physical education, and pharmacy as wel] 
as for premedical and predental courses 
the book offers a well-rounded course in the 
fundamentals of organic chemistry. The 
subject organization is in general excellent 
and the matter well presented. There are 
numerous tables of properties of com- 
pounds which are instructive and helpful. 
There is one full-page reaction chart, that 
of the unsaturated hydrocarbons, which js 
rather complete. In view of the nature of 
the course it would seem that more of these 
charts would be desirable. The text 
abounds in graphical formulas and re- 
actions which serve to fix the structural 
relations of organic compounds more 
definitely in the mind of the elementary 
student. Appropriate problems at the 
end of each chapter serve to emphasize the 
importance and applications of the prin- 
ciples developed in the text. 

The chapters on proteins and amino 
acids, dyes, and carbohydrates are excel- 
lent. It is of doubtful value to place the 
chapter on cyclic and other compounds of 
nitrogen ahead of the carbocyclic com- 
pounds and it is also somewhat misleading 
to describe cocaine and atropine as pyrroli- 
dine derivatives. A list of twenty-eight 
experiments is placed at the end of the 
book. These, although carefully organized 
and selected, seem somewhat brief and 
inadequate for a semester of organic 
chemistry which is designed for premedical 
students, but would meet the need in the 
other fields where the foundation is not so 
rigorous. 

The book is unusually free from errors 
and is well organized. On the whole it 
should fill nicely a place in the field for 
which it is designed. 

W. T. Goocu 


BAYLOR UNIVERSITY 
Waco, TExAs 


Organic Syntheses, Volume XII. F. C. 
Wuirmore, Editor-in-Chief. John Wi- 
ley & Sons, Inc., New York City, 1932. 
iii + 96 pp. 15 X 23cm. $1.75. 


Volume XII of this ‘‘annual publication 
of satisfactory methods for the prepara- 
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tion of organic chemicals” contains direc- 
tions for preparing the following com- 
pounds: acetyl benzoin, d-arginine hydro- 
chloride, benzyl phthalimide, p-chloro- 
benzaldehyde, desoxybenzoin, desyl chlo- 
ride, dibenzalacetone, 1,2-dibromocyclo- 
hexane, 2,6-diiodo-p-nitroaniline, 2,4-dini- 
trobenzaldehyde, 4,5-diphenylglyoxalone, 
ethyl «,8-dibromo-8-phenylpropionate, 
ethyl-N-methylcarbamate, hippuric acid, 
jodothiophene, mercury di-8-naphthyl, 
methyl isopropyl carbinol, S-methyl iso- 
thiourea sulfate, 6-naphthylmercuric chlo- 
ride, nitrobarbituric acid, phenylpropiolic 
acid, phenyl thienyl ketone, propionalde- 
hyde, succinic anhydride, §-thiodiglycol, 
thiophene, thiosalicylic acid, p-tolualde- 
hyde, uramil, and diethyl zinc. 

The subject index includes also the ma- 
terial in Volumes X and XI, volumes 
which are not combined in the collective 
work which appeared recently. [For re- 
views of Vols. X, XI, and the Collective 
Volume, respectively, see J. CHEM. Epuc., 
7, 1218 (May, 1930); 8, 1242 (June, 1931); 
9, 1499 (Aug., 1932).] Later references to 
certain of the preparations described in 
these same two volumes are also included. 

The arrangement of subject matter is 
the customary one: a section which de- 
scribes procedure is followed by a second 
which includes notes on specific parts of 
the procedure. A third section gives a 
very brief summary of other methods of 
preparing the same substance, and in- 
cludes literature references. 

All of the methods described have been 
tested in a laboratory other than that of 
the contributor, so that one can depend on 
obtaining the described results. 


NATHAN L. DRAKE 


UNIVERSITY OF MARYLAND 
CoLLEGE PARK, Mp. 


Chemistry of Food and Nutrition. Hrnry 
C. SHERMAN, Ph.D., Se.D., Mitchill 
Professor of Chemistry, Columbia Uni- 
versity. Fourth edition. The Mac- 
millan Co., New York City, 1932. xiii 
+ 614 pp. 32 Figs. 138 X 20 cm. 
$3.00. é 
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The author states that ‘“‘the purpose of 
this book is to present the principles of the 
chemistry of food and nutrition both as an 
integral part of the study of chemistry and 
with reference to the food requirements of 
man and the considerations which should 
underlie our judgment of the nutritive 
value of foods and the choice and use of 
food for the maintenance and advance- 
ment of positive health and vitality.” 
That the author has accomplished this 
purpose is probably best indicated by the 
favorable reception which previous edi- 
tions of the book have been accorded ‘by 
teachers and students of nutrition. 

The present book is rewritten and en- 
larged but follows the same general plan 
which characterized previous editions. A 
comparison of the third and fourth editions 
shows that the latter contains twenty-four 
chapters, while the former consisted of but 
twenty. The former brief “Introduction” 
has been expanded into Chapter I of the 
new edition. Formerly the author dis- 
cussed proteins in a single chapter. In the 
new edition one chapter is devoted to 
“The General Chemistry of the Proteins 
and Amino Acids’ and a new chapter has 
been added expanding the ‘Nutritional 
Chemistry of the Proteins and Amino 
Acids.”” The chapter on “Iron in Food 
and Nutrition” is now ‘‘Iron and Copper in 
Food and Nutrition” and covers the recent 
work on iron and copper in blood re- 
generation. 

The reviewer feels that the new edition 
is materially strengthened by the addition 
of a new chapter entitled “Acid Base 
Balance in Foods and Nutrition,” in which 
the author has brought together into one 
chapter the discussion of hydrogen-ion 
concentration, buffer action, blood buffers, 
acid elimination, effect of diet, etc. From 
a pedagogical point of view this is often 
much more effective than to discuss the 
various chemical and biological phases of 
acidity and alkalinity at scattered points 
throughout the text. 

It is for this reason that the reviewer 
regrets to find that an important former 
chapter entitled ‘“‘Chemical Nature and 
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Regulation of Oxidative Processes in the 
Body” had been omitted in the new 
edition. The probable mechanism of bio- 
logical oxidations is a matter of extreme in- 
terest to students of biology, medicine, and 
nutrition and, in the mind of the reviewer, 
is sufficiently important to be treated as a 
special topic. 

The vitamin chapters have been ex- 
panded to include separate chapters for 
vitamins B and G. The appendixes have 
been modified and’ some new additions 
have been made to this very useful portion 
of the book. Carefully selected and re- 
vised bibliographies are appended to each 
chapter. 

The index, which occupies 39 pages, is 
unusually complete but has one fault 
which is likewise common to previous edi- 
tions, viz., that a single topic may be fol- 
lowed by as many as 50 page citations. 
Considerable time could be saved for the 
busy reader if this fault could be remedied 
in future editions. 

No teacher whose work involves the 
application of chemistry to biological 
problems can afford to call his active 
reference list complete unless Sherman’s 
“Chemistry of Food and Nutrition’’ is in- 
cluded. The choice of subject matter, 
the clarity with which involved scientific 
topics are treated, and the authoritative 
but fair and impartial way in which the 
author, in his characteristic manner, dis- 
cusses controversial theories, must com- 
mand the reader’s interest and admiration. 
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Dr. Sherman’s new text will commend 
itself to every teacher and student who 
desires a well-printed text containing q 
wealth of chemical and nutritional ip. 
formation interpreted by an outstanding 
teacher and research worker, 


R. ADAMS DuTCHER 


THE PENNSYLVANIA STATE COLLEGE 
State COLLEGE, PENNSYLVANIA 


MISCELLANEOUS PUBLICATIONS 


Education in Belgium. James F. Apzu, 
Chief, Division of Foreign Schools Sys- 
tems. U. S. Dept. Interior, Office of 
Education, Bulletin, 1932, No. 5. 
U. S. Government Printing Office, 
Washington, D. C. (For sale by the 
Superintendent of Documents, Wash- 
ington, D.C.) 145 pp. 15 X 23 em. 
$0.15. 


Science Reading Material for Pupils and 
Teachers. C. M. Pruitt. Reprint 
from Science Education, Montclair, 
N. J., 1982. 27 pp. 15.5 X 23.5 em. 
$0.20. 

While this suggestive reading list covers 
the whole field of science, it is classified 
under various headings so that the chem- 
istry teacher may easily pick out the lists 
of particular interest to him. Pupil 
references, teacher references, and periodi- 
cal literature appear in separate lists. 
Representative chemistry textbooks, both 
college and high-school, workbooks, and 
tests are included. 
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EDITOR’S OUTLOOK 


NEW academic year is beginning. As some of our lay friends put it, in 
commiserating with us upon the monotony of our lot, we are resum- 
ing the old grind. But isit so? Even though the annual catalog may 
" list the same courses above our names, are we going to teach the 
same old thing we taught last year and the year before? If so we 
Fever 
deserve, not sympathy, but the axe. 

There are many parallels between the work of the gardener and that of 
the teacher. What true gardener greets the spring with the thought that 
he is about to take up the same old grind? 

In suggesting such an analogy we have in mind no sentimental twaddle 
about teaching the young idea to shoot, bending the twig in the way 
the tree should incline, or nurturing the tender plants entrusted to our 
care. To the good teacher, students are not flowers to be coaxed into the 
light and air, nor lumps of clay to be molded, nor blank parchments upon 
which to inscribe copy-book maxims in a fair, large hand. They are per- 
sons and personalities, immature it is true, but human, or nearly so. 

No, to our mind, the likeness of the good teacher to the good gardener 
lies in the fact that he begins each new year with some residue of capital 
remaining from the honest and intelligent labors of former years and that 
he faces a renewed opportunity to rectify past errors and surpass previous 
successes. The materials which last year disappointed us may be re- 
placed with different species or with new and improved varieties. The 
sequence which last year left a dull and uninteresting interlude of several 
weeks may this year be rearranged. The technic and procedure which 
last year were adequate but not brilliantly successful may this year be 
modified and improved in some significant details. The pests which last 
year were upon us before we were aware, may this year be forestalled and 
put torout. The ideas and scraps of information we have gleaned from 
others may now be utilized. Some of the romantic fiction of the catalogs 
and the salesmen may be put to cautious test. Once in a coon’s age 
some iridescent fairy tale does come partly true. 

And when, at the end of the new year which promises so much, we find 
that we have not yet attained the unattainable perfection, we shall have 
a new store of wisdom and experience to point us a little closer to it and 
the prospect of another new year in which to labor and aspire. 

It is this strange intellectual infirmity—this periodic upwelling of the 
springs of hope that distinguishes the true gardener, the true teacher, or 
the true artist of whatever craft, and makes him what he is. He isa 
little mad, for his mind’s eye is ever fixed upon a vision which his hands 
can never quite materialize. Others, viewing his works undimmed by 
comparison with the shining ideals which only he perceives, say that he 


has wrought well. He, alone, suffers the pain of knowing better. He is 


insane, and usually he knows it, but he is happier so. 
1673 
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(A Painting by Detroy (1735) in the Chateau de Chantilly.) 
A group of young French blades enjoying an oyster luncheon 
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H. D. Pease, Drrectror, PEASE LABORATORIES, INC., New YorK City 


Oyster culture has progressed from hand gathering by ancient civilizations 
to modern methods of cultivation and conservation. Its value as a food has 
increased from mere appreciation of flavor to scientific comprehension of 
certain nutritive values. 

The oyster’s biology, physiological processes, and unusual reproductwe 
habits are discussed. Its chemical composition and the foods upon which tt 
subsists are considered. Its vitamin and rich mineral content as contributions 
to the normal diet as well as value in the alleviation of nutritional anemia and 
some other deficient conditions are indicated. Commercial procedures in 
growing and the sanitary marketing of oysters are set forth. The oyster 
industry has appealed to science with benefit to those consuming its product 
and to itself; the future promises still greater advances. 

Introduction 

Precisely how long the oyster has been enjoyed as a food is not known. 
The evidence is that it inhabited certain tidal waters on our planet eons 
ago. It may well have been a favorite with the Piltdown Man; indeed 
he may have been the first accidentally to have had his finger caught 
between the shells, and on sucking it to ease the pain, have found the 
flavor delectable. 

The name, oyster, is from the Greek “oozpeov,’’ so-called from its shell 
or bone, oovéov. The Romans took this name from the Greeks with only 
a terminal modification, osirea, the word now used in zodélogical nomen- 
clature. The oyster has probably never been so highly prized as by the 
Romans at the luxurious height of their civilization. Slaves were sent 
even to the seacoast of the Atlantic to gather them for the feasts, and 
Roman houses often contained great tanks of water in which fish and 
oysters were kept fresh for the table. When the Romans conquered 
Britain and took back to Rome the first English Whitstable oysters, 
gathered from the shores of Kent, there was created a new passion among 
the gourmets of the Empire. Agrippa swept Lucrine oysters off his table 
and enthroned the British product in their place. Petronius, the Satyri- 
con, in detailing an ornate and sumptuous banquet given by his patron, 
Trimalchio, describes one of the numerous surprise courses, which the 
wealthy host had for his guests throughout a feast, thus: 


All of a sudden two slaves burst in having apparently quarreled 
while drawing water at the cistern; at all events they still had water- 
jugs hanging around their necks. While Trimalchio was arbitrating 
between the disputing parties, neither paid the least attention to his 
rulings, but began smashing each other’s water-jugs with their sticks. 
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We stared at the brawlers, aghast at this drunken insolence, when 
behold we saw that oysters and mussels were pouring out of their big 
jugs; a young slave gathered them up, and handed them around on a 
tray. 


There are in this hemisphere probably still more ancient tokens of 
appreciation of oysters evidenced by the huge oyster shell mounds con- 
taining Indian skeletons and implements found in many places along our 
tidewater shores, testifying to a liberal use of oysters by American aborigi- 
nes. At Damariscotta, Maine, one such mound is estimated as con- 
taining 8,000,000 bushels of shells. 

Today in temperate and tropical seas many species of oysters are known. 
They vary greatly in size, flavor, food value, and other qualities. In the 
tropics, oysters are highly prized for their pearls even to the extent of 
commercialized artificial pearl culture by the Japanese, while in the tem- 
perate zones oysters are of greater value as a source of food, the small 
misshapen and opaque pearls occasionally found in northern waters hav- 
ing no practical value. 

And so it is easy to believe that oysters constitute the world’s most 
valuable water crop, and it happens that the United States is by far both 
the leading producer and consumer. We have in this country three 
economically important species: (1) the Eastern oyster (Ostrea virginica), 
(2) the Western or Olympic oyster (Ostrea lurida), and (3) the Japanese 
oyster (Ostrea gigas). Ostrea virginica comprises 91.1% of the nation’s 
oyster production and is the type with which most Americans are familiar. 
However, the native oyster of the Pacific Coast (Ostrea lurida), a small 
variety which at maturity rarely exceeds 2.25 inches in size, constitutes 
about 81% of the total Pacific crop which in itself is only about 8.9% of 
the total production of the United States. Eastern oysters for decades 
have been transported across the continent and planted on the west 
coast to mature for market. Recently attempts have been made to plant 
the Japanese oyster (Ostrea gigas) in waters off the Pacific Coast, but 
attempts to propagate the Japanese and Eastern oyster in Pacific waters 
have generally failed. Lack of suitable temperatures and constituents 
of the waters adaptable to oyster culture on the Pacific Coast are proba- 
bly responsible for these failures. 

In 1929, according to statistics of the United States Bureau of Fisheries, 
the United States produced in excess of 13,300,000 bushels of oysters. 
Of this total 10,630,000 bushels were taken on the Atlantic Coast, 4,570,000 
bushels on the Gulf Coast, and 106,000 bushels on the Pacific Coast. The 
leading producing states were Louisiana (2,396,000 bushels); Maryland 
(2,534,000 bushels); Virginia (2,395,000 bushels); New Jersey (2,218,000 
bushels); and New York (1,313,000 bushels). 

In the southern states the output is mostly from state-owned or public 
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PREHISTORIC SHELL HEAPS AT DAMARISCOTTA, MAINE 


From an old print during excavation. Several complete Indian skeletons, in a 
sitting position, facing east, were unearthed, with a quantity of weapons, ornaments, 
pottery, etc. 


bottoms, while in the north it comes almost entirely from privately owned 
or controlled beds. In the states of Massachusetts, Rhode Island, Connecti- 
cut, and New York, cultivation is most intensive and its development 
there is interesting to trace. 


History of Oyster Culture 


The history of American oyster culture may be followed through three 
periods of development: (1) the free fishing period; (2) the transplanta- 
tion of southern oysters to northern beds; (3) the period of oyster grants to 
private individuals for purposes’ of seed production and maturing for 
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market. When the 
first colonists arrived 
they were probably 
amazed at the vast 
quantities of oysters 
along our shores and 
evidently made ample 
use of them, for it was 
not long before it be- 
came necessary for the 
towns to pass legis- 
lation to conserve the 
supply. The Rever- 
end Enoch Pratt in 
his “History of East- 
ham, Wellfleet, and 
Orleans,’’ says regard- 
ing the early industry: 





Oysters were 


found in great THE OysTER EATER 
abundance on the A painting by Jacob Ochterveldt ( -1710). For- 
flats at the first merly at the Ryks Museum, Amsterdam. 


settlement (1664) 

but at this time (1770) the inhabitants had so increased and such 
quantities were taken for consumption and for the Boston market, 
that it became necessary to prevent their entire destruction, for the 
district to take measures to preserve and propagate them... 


By 1775 the natural beds at Wellfleet on Cape Cod had become prac- 
tically exhausted. In New York and Connecticut, endowed with vastly 
greater reserves, they did not begin to fail until around 1850. With the 
depletion of the natural supply during the free fishing period, the oyster- 
men adopted the practice of transplanting oysters from Chesapeake Bay 
to the exhausted northern beds. Every spring hundreds of thousands 
of bushels of oysters were transported by the schooner load to northern 
waters for the fall and winter markets. This practice began to diminish 
about the year 1880 because even the supposedly inexhaustible beds of 
Virginia and Maryland began to fail to meet, in addition to their own, 
the northern demand, by that time greatly increased by railroad develop- 
ment. 

In 1874 a new and most important practice of returning shells to the 
oyster beds on which young oysters could attach and grow was inaugurated 
in Connecticut. How slowly news of the progress of science traveled in 
those times! Almost a quarter of a century previous to this, M. Coste, 
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Two YounG OysTER WORKERS OF ARCACHON, FRANCE 


The cement-coated tiles, on the left and in the background, are used by the French 
for the collection of ‘‘set.’’ 


a French scientist, had demonstrated that larval oysters would attach 
to shells, tile, or almost any object presenting a clean surface when placed 
in the water near or on the oyster beds during the reproduction period, 
making the collection of a supply of seed which could profitably be matured 
for market infinitely easier. 

During these first two periods, the basis for modern, progressive oyster 
culture was laid in the enactment of wise legislation granting control 
of land under water, in fee or under lease, to individuals or companies for 
the cultivation of oysters. This was not accomplished without a struggle, 
which still goes on in some states where the free fishermen have always 
regarded under-water bottoms as the property of the commonwealth and 
have bitterly opposed the system of private grants. Even in very recent 
years in one of the large southern states when the more modern form of 
leasing was attempted, grave difficulties to the extent of exchanges of 
rifle fire arose between those protecting the leased bottoms and individuals 
or “free tonguers’” who have always regarded fishing in open waters as a 
right common to all. The passage of conservation laws, based on the 
theory that an oysterman must have the same control of his under-water 
lands that a farmer has of upland soil, has been so obstructed by the free 
fishermen in the states of Maryland and Virginia that due to untrammelled 
exhaustion with no ‘planting back,” Chesapeake Bay produces at the 
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present time only one-fifth of the oyster crop of its halcyon peaks of 
1875-85. 

In recent years the oyster industry in the North has come into the 
control of fewer individuals and larger companies, for the oyster business, 
however fraught with great possibilities of success in periods of plenty, 
is a difficult one, contending as it must with the vicissitudes of nature 
and requiring ample capital to tide over lean years. Progressive oyster- 
men have eagerly turned for scientific research and guidance to the vari- 
ous state agencies, the United States Bureau of Fisheries, and the Re- 
search Committee of their own trade association. It is with these scientific 
problems and findings that this article concerns itself. 


Biology of the Oyster 
ANATOMY 


The essential anatomical features of the oyster of commerce of the 
Atlantic seaboard (Ostrea virginica) appear in the illustration on p. 1682, 
a photograph of a wax model in the American Museum of Natural History 
showing the partially dissected body of an oyster lying in the deep left 
shell with the right valve removed. The mantle (3) fringed by the sensory 
tentacles (2) envelops the body of the oyster and lies in contact with 
the valves of the shell. The valves are built up by it by a complicated 
process described further on in this article. The shell (13) consists largely 
of calcium carbonate and performs other functions than those of protec- 
tion. Interiorly in the mantle chamber are four lamellar (leaf-like) gills 
(4), covered with fine, hair-like cilia which by rhythmic beating propel 
currents of water through the gills. Microscopic particles of food are 
filtered from the water, collected and transferred to the palps (6) by cer- 
tain other groups of cilia beating in appropriate directions. In the photo- 
graph the wavy arrows indicate the course of the water, while the straight 
arrows show the directions of the passage of the food. The palps also 
covered by ciliated surfaces sort the food, rejecting some, especially the 
oversized particles, and passing the remainder to the mouth (5). A short 
esophagus leads to the stomach (7) which is surrounded by a dark-colored 
tissue, the digestive diverticula (8). From the stomach, food passes to 
the crystalline style sac (7A), then to the midgut, and finally to the anus (11). 

The circulatory system consists of the heart (9), which has an auricle, 
ventricle, arteries, and lacunae. Pulsations drive the colorless blood, 
freshly aérated from the gills, into the auricle, then through a valve into 
the ventricle, and thence through the arteries into spaces (lacunae) where 
the blood bathes the tissue before being taken up by the veins and re- 
turned to the heart. 

The oyster’s nervous system is a simple one. There are two ganglia 
lying near the stomach, connected by two nerves to another pair of ganglia 
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Courtesy of the Massachusetts Division of Fish and Game 


Wax MopEL OF AN OYSTER IN LEFT SHELL 


Original in American Museum of Natural History, New York. 
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beneath the adductor muscle. From these latter there are nerve branches 
leading to the various parts of the body. 

Of importance is the large adductor muscle (12) attached to both valves 
of the shell, controlling the opening and closing of them. The elastic 
hinge (1) exerts a constant force, tending to open the valves. Close ob- 
servation of the muscle in an opened oyster shows that it is composed 
of two parts, slightly differentiated by color. The grayish part (12A) 
is the ‘‘motor mechanism” which immediately controls the opening and 
closing, while the whitish portion (12B) is the ‘locking mechanism,” which 
when in action serves tirelessly to hold the valves in a fixed position and 
with the least expenditure of energy (1). 


PHYSIOLOGY 


The important physiological functionings of oysters have been subjected 
to extensive investigations during the last fifty years. Laboratory and 
experimental methods have been applied chiefly in the last decade. 

These have centered mainly upon the measurement of the influences 
of environmental temperatures, salinities, dissolved mineral substances, 
hydrogen-ion concentrations (pH), velocities of currents, solar irradia- 
tions, etc., and upon the opening and closing shell mechanisms; likewise 
all these factors and several others such as tensions of oxygen, carbon 
dioxide, and other dissolved gases, various types and conditions of food 
and nutritive substances, and excretory products which influence spawning 
and sex determinations, have been studied as acting upon the respiratory, 
metabolic, and reproductive systems. 

Of highest importance in the control of the opening and closing system 
are the factors of changing temperature and of salinities. The former 
are chiefly seasonal in character and the latter are both tidal and, at times, 
of great seasonal variation. Galtsoff (2), Nelson (3), Hopkins (4), Pease 
and Glancy, and others have observed natural and controlled temperature 
relations with seasonal tendencies toward frequency of openings and pro- 
longed closures of great practical importance. At temperatures below 
10°C. (50°F.) opening becomes infrequent and at 5°C. (41°F.) and be- 
low other forms of stimulation such as physical disturbances in handling 
serve chiefly to produce opening. 

Kymographic studies conducted under conditions where no environ- 
mental stimuli, such as direct unfiltered sunlight and physical disturbances, 
occur and with the waters at temperatures well below 5°C. show no ten- 
dencies for the oysters to open. It is highly probable that, undisturbed 
in their natural lairs, oysters remain closed at these low temperatures 
for prolonged periods. Their gills and ciliated membranes become em- 
bedded in dense masses of mucus and are incapable of action. The con- 
dition is undoubtedly one of hibernation, as suggested by Bashford Dean 
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in 1887 and later re- 
emphasized indepen- 
dently by reason of 
bacteriological and 
other studies by Pease 
(1911) (5) and Gorham 
(1911) (6) and others. 

Tidal changes of 
salinities and possibly 
of other dissolved sub- 
stances also serve to 
bring about opening 
or closing. Oysters 
may tolerate ranges of 
water salinities repre- 
sented by specific 
gravities as low as 
1.003 and as high as 
1.025 but they tend to 
open, respire, and feed 
best when the salinities 
come within the ranges 
of 1.010 to 1.015. 
Several types of ob- 
servations have shown 


Ewing Galloway, N. Y. that within favorable 
CONSTANT TEMPERATURE TANK density ranges oysters 








Employed in studying metabolism of the oyster. he 
Oysters rigged for kymographic recording of the opening tend to open Epes t 
and closing of the shell. advent of waters of 


higher salinity, 7. e., 
upon incoming tidal flows. This has a most important bearing upon the 
types and characteristics of the ingested food and other fine materials 
which may be suspended in the incoming tidal flows but which may not be 
present in at least the same concentrations in ebbing waters. In shore 
waters the tidal relations are with the saltier rather than the fresher flows. 

Extensive kymographic studies by Galtsoff (2), Nelson (3), Hopkins 
(4), and Pease and Glancy, and others conducted at temperatures and 
water salinities favorable to opening have shown that oysters remain 
open and actively respiring for approximately twenty hours out of the 
twenty-four. However, most of these investigations have been conducted 
under experimental conditions, and it is not certain that oysters on their 
natural beds are as active as these results indicate even when tempera- 
ture, salinities, and other conditions are favorable to opening. 
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From U.S. Bureau of Fisheries Docu- 
ment 961 (1923) 


ADULT OYSTERS SPAWNING 
Sperm is discharged in a slow, steady cloud. The female ejects eggs in puffs. 


Of equal if not greater importance are the results of the researches by 
Galtsoff (2), Nelson (7), and others on the rates of flow of water through 
the complete respiratory mechanism under varying conditions of tempera- 
tures. Galtsoff developed an ingenious method and has acquired data, 
made possible by recording the speed of dyes in the environmental waters 
passing through the gills at all tolerated temperatures, and was able to 
plot curves of the respiratory rates of the oysters. 


SEX AND SEX METAMORPHOSIS 


The American oyster is bisexual unlike the European oyster (Ostrea 
edulis) or the Western Olympic oyster (Ostrea lurida) which are inter- 
sexual, alternately male and female during the same season. Until re- 
cently it was assumed that Ostrea virginica on becoming sexually mature 
at the close of its first season, retained the same sex throughout life. Cur- 
rent studies, however, are indicating that the larger proportion of oysters 
start as males but that some change to females in later years. Whether 
or not this takes place seems to depend on the sex distribution of nearby 
oysters. Whether the sex can change more than once during the Ostrea 
virginica’s existence is not yet known. Because of the chance of unfavor- 
able practical results this subject is now being actively studied, lest some 
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of the grounds run to too high a female population, reducing the possi- 
bilities of satisfactory fertilization during spawning. 


SPAWNING 


The incidence of spawning is largely under environmental temperature 
control but other conditions favoring certain metabolic states of respira- 
tion and nutrition are also fundamental. Actual temperature influences 
vary with geographic considerations, chiefly those of latitude. The 
farther north the adult stock has been grown, the lower the tempera- 
ture necessary to favor the discharge of the sex elements which have 
been accumulating in the gonads during the early approach to this 
optimum temperature condition. Early high temperatures in the spring 
are of importance to the ripening 
of the gonads but they constitute 
only one phase of the final re- 
productive cycle. While Ca- 
nadian oyster stock accustomed 
to cooler waters may discharge 
the sex elements at lower temper- 
atures, those native to the lati- 
tudes of New York and New 
England have as their optimum 
temperatures those above 21.1°C. 
# 4 (70°F.) to 22.8°C. (73°F.). The 
minimum limit is about 20°C. 

PHOTOMICROGRAPH OF AN OYSTER LARVA (68°F.). More southerly native 
pions view was adapted, fom ¢ 6mm. stock spawn best at higher tem 
be seen at the right, the blurred fringe peratures. Few tend to spawn 
bene ie a ee cat. out above 244°C. (76°F). 

Galtsoff (8) has shown the im- 
portant intersexual stimulative effects due to the access of waters containing 
opposite sex elements to the branchial chambers. Thus the outflow of sperm 
may set up a wave of discharge of ova by the females as the male secre- 
tions reach them. Optimum temperatures favor these bursts of reproduc- 
tive beginnings. Actual fertilization of the ovum by a single sperm takes 
place in the environmental waters. 

The oyster has a prodigious fecundity. One large female is capable 
of discharging in excess of 100,000,000 eggs in a single season while a male 
probably liberates billions of the motile spermatozoa, both of microscopic 
size. 














LARVAE 


About three hours after fertilization the embryo develops into a swim- 
ming larva and within twenty-four hours the larval shells are formed. 
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Ewing Galloway, N. Y. 
DISTRIBUTING SHELLS FOR CATCHING “SET” 


Seamen throwing old shells overboard to form ‘‘cultch’’ upon which a new ‘“‘set”’ 
may be obtained. 


The most prominent anatomical feature of the tiny larva is the velum, 
an organ covered with lashing cilia which may be protruded between 
the shell. This is the larva’s means of locomotion and of ingestion of food. 
The free-swimming period continues for approximately two weeks. Dur- 
ing this period the larval oyster drifts around at the mercy of the tides 
and currents and any unfavorable meteorological conditions as well as 
being an easy prey to a host of enemies, particularly jelly fish. Meta- 
morphosis then occurs and the free-swimming larvae become sessile or- 
ganisms. The process by which the larvae develop a “foot” with which 
they find a substance upon which to cement themselves, usually some 
hard, clean surface such as rocks, stakes, or shells, is called ‘‘setting.’’ 
To obtain ‘‘sets’” and thus insure supplies of ‘‘seed oysters,’’ cultch (that 
is, old shells accumulated from the previous shipping season’s culling and 
shucking operations) is thrown back onto the oyster beds just after spawn- 
ing. 

Despite costly efforts by the industry in the planting of shells for the 
obtaining of “‘set’”” in Connecticut where great seed grounds are located, 
the years 1905 to 1925 were a series.of failures for the most part. Nonethe- 
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EXPERIMENTAL ‘SET’? COLLECTORS 


Left: A cement-coated “egg crate” collector before use. Right: The same with 
a “set” of about 20,000 young oysters on it. 


less, the experience gained during these lean years, together with the in- 
valuable aid rendered by scientists, who vigorously attacked the prob- 
lems involved, from chemical, physical, climatological, hydrographical, 
and biological viewpoints, have yielded results which at the present time 
promise to make the production of seed oysters a matter of somewhat less 
uncertainty. 

To this end, the spawning beds in the setting areas have been rehabili- 
tated by the wider distribution of mature stock, records of water tempera- 
ture and the conditions of the gonads have been correlated to enable pre- 
diction of the time of spawning. Examinations of the water for oyster 
larvae by filtration through silk bolting cloth net have given guiding data 
for the planting of shells, and, one of the more important innovations, a 
new type of collector for obtaining ‘‘set’’ was developed which may lead 
to other improvements in seed collection. These collectors are made by 
dipping cardboard partitions similar to those used in egg crates into a 
mixture of sand, cement, and lime. This is a practice similar to the use 
of lime-coated tiles in the French system of oyster culture. These collec- 
tors have three important advantages: they offer ample surface for attach- 
ment; they keep the small oyster off the bottom; and after a few months 
growth, the collectors can be easily broken up and the “‘spat,”’ as the small 
oysters are called, distributed with plenty of room to grow. 

An experimental method of artificial propagation of oysters has been 
evolved, which offers a means for the study of the conditions favoring 
or retarding the various stages of the reproductive cycle. It also per- 
mits comparative studies of the genetic possibilities of various species and 
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SHELLS OF THE OYSTER DRILL 
(Urosalpinx Cinerea, Say) 


Stages of growth of one of the oyster’s worst enemies. The rasp-like boring tongue 
(Radula) is located at the open end. 


stocks brought from other areas and the study of the influences of past 
environmental and meteorological conditions. It comprises two high- 
speed centrifuges, one for clarifying and removing the larval enemies 
from the water flowing to the tanks in which the larvae are developing, 
and one for separating them in the daily renewal of the water during the 
first week; later, an operation of screening through a 325-mesh screen is 
substituted for the second centrifuge. 

The carrying through of the reproductive cycle from the sexually ripe 
adults to the stage of one or more years of growth of the first artificially 
produced generation from them has been accomplished by Glancy and 
associates with the equipment just described. This has been done for 
the following species: Ostrea virginica from several latitudes including 
Canadian stock, and, for experimental purposes only, Ostrea gigas (Japa- 
nese), and the English oyster, Ostrea edulis, to the stage of setting and 
several months of growth. This latter involved special methods, as the 
fertilization of the ova takes place and the first week or more of the free 
swimming life of the larvae are spent in the branchial chamber of the 
adult parent in this species. 

In the three to five years which it. takes to mature seed oysters to a market- 
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DriL_t HOLES 
A close-up view of the damage wrought by drills. A hard-working drill can bore a 
hole at the rate of '/59 of an inch a day. 


able size, there are usually two or three transplantations, clumps being 
broken up and the oysters thinned and spread out each time to induce 
well-shaped growth. This requires the tying up of considerable capital 
in both the oysters on the maturing beds and in men, vessels, and dredging 
equipment used in handling the stock. 

During these years the oyster grower must be constantly on the alert 
for the many natural enemies, the ‘‘drill’’ (Urosalpinx Cinerea, Say), 
a boring snail, the starfish (Asterias vulgaris), a veritable oyster gourmand, 
and others which cost the industry heavily by their depredations. 


FOOD OF THE OYSTER 


At the present time the food of the oyster constitutes one of the major 
problems for investigation since the rate of growth and final fattening 
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A CONTEST OF MuscuLaR ENDURANCE—STARFISH 
VERSUS OYSTER 


The “Stars” gradually force the bivalves open, pro- 
ject a portion of their digestive mechanism between the 
shells and digest the oyster. A vigilant patroling of 
the beds is necessary to prevent seriousinroads. Patrol 
boats are equipped with long cotton mops in the 
strands of which the Starfish are caught and hauled 
upon deck for destruction. 


for market are, of 
course, dependent upon 
it. On shucking, fat 
oysters yield fully eight 
pints of ‘meats’ per 
bushel. Their plump, 
white, fatness is not 
due so much to the 
presence of true fats 
as to accumulations of 
glycogen. Thin oysters, 
on the other hand, are 
transparent and watery 
in appearance and have 
a low glycogen content. 
Not only are they un- 
popular but the low 
yield on opening greatly 
restricts the profit. 
Very naturally, there- 
fore, the oyster grower 
is greatly concerned 
with the “fatness” of 
his product, which leads 
us to a consideration 
of the food of the 
oyster and how it is 
assimilated. 

The physiological 
processes of digestion in 
oysters have been well 


studied by Dr. C. M. Yonge of the Plymouth (England) Laboratory of the 


Marine Biological Association (9). He states: 


In the oyster the organs of feeding and digestion are specialized for 
dealing with small particles exclusively. The elaborate ciliary mecha- 
nisms in the mantle cavity with the accompanying secretion of 
mucus ensure the capture of fine particles in suspension, of which the 
selective mechanisms reject the larger particles or mucus-laden masses 
and allow only the smaller ones to pass to the mouth. There is reduc- 
tion in the individual size and general bulk of the particles swallowed, 
but no indication of any selection of particles having definite food 


value. 


Professor T. C. Nelson (7) states that microscopic organisms in excess 
of 0.5 mm. (1/59 of an inch) in size are never found in the oyster stomach. 
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The cilia lining the stomach produce a constant circulation by means of 
which the larger particles are pushed along into the midgut and through 
the digestive system, while the smaller particles enter the digestive diver- 
ticula.. The head of the crystalline style protrudes into the stomach and 
rotates constantly. This style is a gelatinous rod which is present only 
during active feeding. The digestive operations comprise the action of 
dissolved enzymes capable of digesting starch and certain allied carbohy- 
drate substances the end-products of which are absorbed in the digestive 
diverticula. The further digestive processes take place through the 
agency of small active phagocytic blood cells which pass out from the 
tissues into the alimentary tract, there ingesting protein and fatty food 
particles and subjecting them to intracellular digestion while returning 
into the lacunae. The products of digestion are passed to all parts of the 
body through the blood. 

Soluble organic matter in the water plays a minor, if any, réle as a 
source of food for the oyster. Few investigators hold that the epithelial 
membranes of the mantle, gills, and palps have powers of direct absorp- 
tion of food material. Yonge believes this may be accomplished by a 
phagocytic system similar to that of the digestive tract. 

Much of the particulate material taken into the gut of the oyster passes 
through undigested. Yonge’s studies on enzymatic activities showed 
the presence of strong sucroclastic enzymes capable of acting on starch, 
glycogen, sucrose, maltose, raffinose, lactose, salicin, and amygdalin, but 
not on inulin, cellulose, or the pentosans. Protease and lipase are present 
but the potencies are relatively weak. In general, the ideal food of the 
oyster comprises microscopic vegetable matter high in certain carbohy- 
drates. 

Investigations of the stomach contents of oysters show organic detritus, 
diatoms, microscopic algae and their spores, pine pollen, protozoa, and 
other microscopic animal forms such as rotifers, microcrustacea, the 
larvae of snails, clams, and oysters, and the eggs and early embryological 
stages of many marine forms. Two are of major importance, the organic 
detritus, consisting of fragments of plants and animal organisms, and 
diatoms, small marine forms characterized by a siliceous shell and often 
present in the water over the beds in untold myriads. In France the 
celebrated green Marennes oysters are “‘fattened’’ by transferring them 
to shallow ponds or ‘“‘claires,” the waters of which contain almost pure 
cultures of a small diatom, Navicula ostrearia. The green chlorophyl- 
like substance, Marennin, is taken up by the phagocytes which locate 
in the vessels of the tissues tinting them green. These oysters are con- 
sidered a delicacy by European gourmets. Another type of greenness 
in oysters occurs in English and American stock, prevalent among the 
latter especially in Connecticut waters. The coloration is likewise asso- 
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ciated with the excessive accumulations of phagocytic cells. In them 
are varying numbers of highly refractile, fat droplet-like granulations 
which when massed together give the appearance of greenness. Méicro- 
analyses of the bodies (cytoplasm) of these phagocytic leucocytes show 
the presence of copper. Spectrographic analyses of both body protoplasm 
and of the separated refractile granulations indicate the presence of copper 
in both; also the presence of calcium, magnesium, strontium, zinc, chro- 
mium, iron, and nickel. Such green oysters show variable but greatly in- 
creased contents of copper over normal colored oysters from the same 
areas. As yet unpublished results of recent researches by McBride aided 
by Glancy shed much light upon the chemistry of this latter type of green 
colorations. By careful precipitation of copper in sea water of suitable 
pH, McBride produced an opalescent colloidal solution of the copper 
compound. He added this to the waters in which oysters were feeding 
and succeeded in reproducing in detail the structure of this type of green 
oyster. His results bring out that the colloidal copper nuclei, while de- 
void of green color, become associated with fatty acid at some stage in 
their transit from the environmental waters to the blood cells, showing 
the refractile granules and the green coloration when concentrated in masses. 
As already stated, Yonge has shown that the digestion of fat in the oyster 
resides in these migrating blood cells. In this fat digestion, fatty acids 
undoubtedly occur at some stage in the process. The presence of the 
copper colloid particles in the fat-digesting cells would create conditions 
favorable for the adsorption, if not a more intimate chemical relation, 
of fatty acids to the copper colloid as a nucleus. McBride’s approach to 
the problem from a purely chemical standpoint resulted not only in the 
artificial production of green oysters of the type in question but also has 
furnished an adequate explanation of what occurs under natural conditions. 
Thus there would appear to be two conditions of copper in the phago- 
cytic and digestive blood cells of these greenish oysters—the condition 
of copper in association with cytoplasm of the cell body and that in the 
colloidal state to the particles of which there has become associated fatty 
acids thus constituting the granules of greenish hue. Green oysters 
of this type rarely reach the market; however, the condition occurs in 
some of the best seed-producing waters. Reference later will be made 
to their special values in hemoglobin production in nutritional anemia. 

Professor T. C. Nelson (7) has noted an important source of oyster 
food in the microscopic growths on the shell outer surfaces. Another 
type of organism of importance as oyster food is peridinium. This small 
flagellate, having both animal and plant characteristics, may at times 
be found in such enormous numbers that the water over the beds takes 
on a typical greenish brown hue. 

Brandt (10) shows the relative amounts of protein, chitin, fat, and carbo- 
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hydrates in the ash-free dried substances of diatoms, peridinia, and cope- 
pods, small crustacea, as follows: 


Diatoms Peridinia Copepods 
% 0 % 
joi! sv? Paria ge ERs Gola 28.7 13.7 65.1 
WME oir fois By) S eacda: sarees is oy 5.1 
I Soa hah incre ava eae ee 1.37 Tak 
Carbohydrates. <....4...055 5 GBs 84.9 23:1 


The higher carbohydrate contents of the diatoms and peridinia make 
them ideal foods for the oysters. 

The study of the chemical factors underlying the development of phyto- 
plankton, the flora of very small plants, mostly unicellular, which are 
suspended in the sea water, has been somewhat neglected. The sea water 
over the oyster beds probably contains all the nutrient inorganic salts 
necessary for plant growth except at times the nitrates and the phosphates 
which appear to be limiting factors. It is known that after a heavy wave 
of diatom growth the nitrate and phosphate content of the water is prac- 
tically zero. 

Undoubtedly, the chemical factors are greatly influenced by climato- 
logical and hydrographical phenomena. Nelson (7) has correlated the 
“fatness’”’ of oysters in Delaware Bay with abundant rainfall, the expla- 
nation being that the increased river flow carries into the tidewater the 
salts, leached from the upland soil, that stimulate the growth of aquatic 
plants. In Great South Bay on the south side of Long Island, where 
there is but insignificant river drainage, observers agree that favorable 
winds blowing from the south and west cause the oysters to become “‘fat.”’ 
The wind action on the shallow waters of the Bay stirs the bottom in such 
a manner that the nitrates and phosphates, regenerated from the broken- 
down organic matter on the bottom, are mixed in the upper layers and 
thus made available for development of the phytoplankton. There is a 
suggestion in these facts that the oysterman might possibly use artificial 
means for making oysters “‘fat’’ by enriching the waters over the beds 
with inorganic salts somewhat as a farmer spreads fertilizer on his land. 


Chemistry of Oyster Shells 


The most conspicuous part of the oyster is the shell, composing as it 
does about four-fifths by weight of the entire animal. The shell is the 
oyster’s only means of protecting its soft body against a horde of enemies. 

The shells of certain tropical species of oysters possess a pearly, iri- 
descent luster and are prized for manufacturing and ornamental purposes. 
This pearly luster is due to the presence within the shell of a substance 
called nacre. The degree of luster or sheen possessed by the nacre de- 
pends both upon the organization or form of its crystalline layers and 
upon its composition. 
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Cross-SECTION OF OYSTER SHELL SHOWING LAYERS OF GROWTH 


In the early spring, and again after the spawning period, the North 
American oyster, through the agency of its mantle, deposits a brown 
gummy material which is gradually transformed into a type of nacre, 
Because of the fact that this nacre is comparatively devoid of brilliant 
luster and resembles the nacre of tropical shells only in its hardness, the 
American shells find but few ornamental uses. 

These nacreous deposits, assuming the form of curved plate-like rings 
at the edge of the shell, extend its capacity. After their formation, the 
North American oyster proceeds to reinforce the interior of the shell by 
depositing a soft chalky white material over which a thin layer of nacre 
is placed. By cross-sectioning a shell, the alternate layers of hard nacre 
and soft porous material are revealed. It is possible thereby to determine 
the age of an oyster roughly since these depositions usually occur twice 
annually and assume forms similar to the rings of growth in a tree. The 
accompanying photograph shows these layers in a very old shell. The 
hard nacre in the specimen has been polished and stained so that it ap- 
pears in the picture as a faint line against the white background of the 
soft portions. The rather heavy black line intersecting almost all of the 
strata obliquely marks the position of the muscle which holds the shells 
together and beneath which, curiously enough, is the only dark portion 
of the shell. With each succeeding year the muscle occupies positions 
more and more remote from the hinge. The small dark spots on the 
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sectioned area are holes in the shell made by the boring of certain hostile 
marine organisms. This oyster was rather a battle-scarred veteran carry- 
ing the souvenirs of many successfully repulsed invasions. 


Chemical Composition 


While it is true that almost the whole shell (actually about 94%) is 
composed of calcium carbonate, it appears that an organic nitrogen com- 
pound, called conchyolin, is a very essential part of the deposits. This 
compound seems to serve as a matrix for the crystalline deposit. Cle- 
ment and Riviere (11) have studied the deposition of calcium carbonate 
in an albuminous medium and have been able to imitate nature and ob- 
tain a deposition in the form of a diffraction grating and of a physical 
structure resembling mother of pearl, which possesses the same property 
of iridescence. 

Below are tabulated the results of certain chemical analyses of American 
shells : 

Composition of Oyster Shells 
(From U. S. Dept. of Agriculture, Technical Bull. No. 64, p. 9) 


Results as Per Cent. 

Sam- Or- 

ple ganic 

No. Al Ca Cu Fe Mg Mn _ P:0s5 SiO: Zn Mat! H20? Cl CO:3s N 


1 0.045 38.78 .... 0.11 0.183 0.009 0.075 0.5 suman 1.41 0.27 0.0034 57.19 0.196 
2 0.043 38.81 0.0025 0.09 0.189 0.009 0.073 0.580 0.0009 1.51 0.28 0.0035 ... 0.196 


1 Loss above 110° ignited. 
2 Loss to 110°C. 
3 Average for samples 1 and 2. 
Spectroscopic analysis shows the presence of sodium, potassium, and 
strontium in addition to the elements listed above. 


Uses 


Because the shells consist largely of calcium carbonate they have for 
centuries furnished man with a convenient starting material for the prepa- 
ration of lime (calcium oxide) for mortar or plaster. They are used to a 
slight extent for this purpose even today. 

In the north, where the industry engages in extensive culture, most 
of the shells are returned to the beds to serve as “‘cultch,’’ material to 
which larval oysters may attach. They are also used for making ‘‘bed 
bottoms,”’ z. e., for reinforcing muddy or shifting bottoms so that the 
oysters will not sink and be smothered during storms. 

In the south, most of the shells are crushed to make grit for poultry 
feed, or fertilizer for the correction of soil acidity. The fact that shells 
contain such a wide assortment of mineral elements makes them ideal 
for both purposes. There is evidence that small amounts of strontium 
can increase the thickness and toughness of hens’ egg shells. 
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Pearls 


When certain types 
of foreign bodies are 
introduced by natural 
or artificial means into 
the mantle, which is 
the shell-de positing 
organ of the oyster, 
they become coated 
with layers of nacre 
and assume in time 
the softly radiant 
beauty of a pearl. 

In Japan a very 
profitable industry has 
grown out of the cul- 
tivation of the pearl 
oyster. By means of 
a skilful operation, a 
fragment of fresh- 
water mussel shell is 
introduced into the 








Ewing Galloway, N. Y. 1 . ‘ . 
A NEST OF PEARLS IN A PHILIPPINE OYSTER SHELL proper location in eac 
oyster. They are then 


planted in carefully guarded beds and after a lapse of several years are 
removed to recover their precious burdens. 

Just as the species and geographical source determine the brilliance of 
the shell nacre so, too, do these factors determine the value of the pearls. 
Rarely is a pearl of any commercial value found in oysters from North 
American waters. Such as are found are usually misshapen and rather 
dull in appearance. 

In composition the pearl differs hardly at all from nacre. Some analyses 
indicate the presence of about 5% organic matter and 91% calcium car- 
bonate. The presence of so much of the latter explains the ease with 
which Cleopatra dissolved a pearl in vinegar at a feast given in honor of 
Mark Antony. 


Chemistry of Oyster Meats 


There is considerable variation in the appearance, flavor, and food 
value of oysters, due primarily to differences in the environmental char- 
acteristics of their habitat and to the season of the year in which they are 
collected. 

The main components of the oyster are shown by the following results 
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of the analysis of some typical oysters collected on September 12, 1929, 
from Long Island, New York: 


Per Cent. on Per Cent. on 

Wet Basis Dry Basis 
WRENS Soin bik ace Pace sola y ee ee 76.1 ay 
MCI Es Sas a cc ae eek 23.9 100.00 
rote (8 6:26) 63 a: 10.12 42.43 
Crone, . bere. Sasi as to Oe 25.75 
Fat (Ether Extract)........... 1.91 7.98 
WERE ol pigs a cen we eon are 1.82 7.60 


This value for solids is a maximum for the region. The variations in 
solids from season to season and from year to year, are in large part the 
result of shifting nutritional conditions but the salinity of the water also 
plays a considerable réle at times. The specific gravity of the water in 
which these oysters were grown was 1.018 at 15.6°C. (60°F.). In general, 
the waters over northern beds have higher salinities than those over 
southern beds. Northern oysters usually have a somewhat higher con- 
tent of ‘‘solids,’”’ and on the whole are higher in glycogen. 

The protein of the oyster is largely of the glycoprotein type, containing 
carbohydrate derivatives and considerable sulfur. The whole meats con- 
tain as much as 0.187% of sulfur, on the wet basis. It has been found that 
about 40% of the oyster protein is water soluble. 

The high carbohydrate content of oysters is a unique feature of their 
composition when compared with that of practically all other animal 
tissues. So far as is known, this carbohydrate consists entirely of glyco- 
gen, a substance bearing a resemblance to the starch of plants in that 
it serves as a reservoir of readily available potential energy. In higher 
mammals, including man, it is stored in the liver and muscles. In cer- 
tain northern oysters it is not uncommon to find as much as 35% of this 
substance (on the dry basis) in the tissues. 

The fat in oysters, like most marine animal fats, is liquid at ordinary 
temperatures and consists of the glycerides of quite highly unsaturated 
fatty acids. There is evidence that part of the characteristic flavor of 
the meats is caused by the presence of these fatty acids or their esters. 

That oysters are highly mineralized is not surprising. The ocean in 
which they exist is comparable to a giant beaker in which small amounts 
of all the known elements are mixed together. This affords them ample 
opportunity to absorb many of these elements, in fact they show decided 
tendencies for concentrating them in their tissues. The copper present 
in sea water is only about 0.01 to 0.02 part per million, yet all oysters, 
whether white or green, show appreciable amounts of copper, the average 
of white oysters being about 40 parts per million (wet basis), and ten times 
this concentration may be present in the green oysters as already noted. 





1700 JOURNAL OF CHEMICAL EDUCATION OcroBeER, 1932 


Thus oysters can accumulate relatively large amounts of this and other 
metals such as iron and manganese. 

This same ability for concentration of iodine is shown by the oyster, 
which as a source of this element ranks about fourth among all other 
food substances containing it. As much as 1160 parts per billion of io- 
dine are found in oysters. 

A complete analysis of the ash component, including a spectrographic 
examination, shows that it contains a great many elements including: 
sodium, calcium, magnesium, phosphorus, zinc, potassium, iron, copper, 
manganese, and traces of strontium, aluminum, silicon, tin, boron, lead, 
silver, barium, and nickel. 


Seasonal Variations in Composition 


It was observed by Milroy (12) in 1907 that the chemical composition, 
especially as regards the glycogen content, varied considerably from season 
to season. More recent researches have disclosed that the marked varia- 
tions in composition of the meats coincide approximately with (1) the 
period of active feeding and fattening during the fall of the year, (2) with 
the period of almost complete inactivity or hibernation during the winter, 
(3) with the period of spring growth and formation of spawn, and finally 
(4) with the period of spawning during the summer. Perhaps the most 
profound change follows the spawning period, at which time they often 
become very thin. 

The oyster’s principal chemical constituents vary seasonably. The 
most nearly constant organic constituent in oysters, from a similar environ- 
ment, is fat (ether extractives), which is present to the extent of about 
10% of the dry meats. Just prior to spawning, however, a large propor- 
tion of the fat is present in the ova and is lost during this period. An 
analysis of ova shows that they contain as much as 31.5% fat (ether ex- 
tractives). These ether extractives, often labeled ‘‘fat,’’ include a con- 
siderable amount of the phosphorus- and nitrogen-bearing substance, 
lecithin, as well as some cholesterol. There is as much as 0.155% phos- 
phorus in the wet meats. 

That the glycogen content of oysters attains a maximum value just 
prior to the period of inactivity and non-feeding (hibernation) has been 
interpreted as providing a source of reserve energy during this period. 
On northern beds, where the water temperature remains around 0°C. 
(32°F.) in the winter, the oysters reduce this large store of glycogen. 

It seems equally plausible to ascribe this great accumulation of carbo- 
hydrate to the oyster’s habit of ‘‘making hay while the sun shines.’”’ Cer- 
tain it is that, being a sedentary animal, it must wait for food supplies 
to come to it. The plankton contents of the waters vary and as a result 
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HAULING IN A DREDGE 


the available foods are at one time scarce and at another very plentiful. 
Its food reserves are capitalized in glycogen. 


Oysters in Human Nutrition 


The calorific value or potential energy content of one pound (equiva- 
lent to 1 pint) of cow’s milk is very nearly the same as that of one pound 
of wet oyster meats. The accepted value for milk is about 310 calories 
per pound whereas one pound of high-grade marketable oyster meats con- 
taining 23.9% solids, 10/12% protein, 6.14% glycogen, 1.91% fat will 
yield 340 calories. 

The distribution of this calorific value between the three classes of food 
substances is somewhat different, however. This fact is illustrated in 


the table below: 


Percentage of Percentage of Percentage of 
Total Calorific Total Calorific Total Calorific 
Value from Value from Value from 
Protein Carbohydrate Fat 
EGER e ids eRe eae: 49.5 29.3 21.2 
RUNES os nk chica ieee are 19.0 29.0 52.0 


In oysters the balance between the three contributing factors is in favor 
of the protein. In milk the balance is in favor of the fat. Curiously, 
the calorific values from carbohydrate are almost identical. 
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In these days, when it is fashionable to be slender, it may be of interest 
to those on reducing diets to learn that oysters are one of the safest of 
items for their menu. Not only is the calorific value low but the dis. 
tribution, being in favor of the protein, with a generous assortment of 
mineral elements thrown in for good measure, makes this bivalve almost 
ideal as a non-fattening food. 

Vitamins 

For hundreds of years oysters have been eaten because of their delicious 
flavor, an attribute which still recommends them to the epicure, but, 
in this modern world, we no longer partake of food simply because of gas- 
tronomic delight. We look to it to be good for us as well. One by one 
most of the items of our diet have been scrutinized by the students of nu- 
trition and re-evaluated according to modern knowledge of human nutri- 
tion. As a result of the searching investigations of the last few decades, 
some previously prized delicacies have fallen into the metabolic discard 
but the intuitively valued worth of others has received ample scientific 
support. In this latter group are oysters whose early recognized delights 
are now shown to embody special treasures for human nutrition. 

The nutritive value of a food can be arrived at partly by means of chemi- 
cal analysis and partly by biological assay. This latter method consists 
in feeding levels of the food in question to animals as a supplement to a 
basal diet and observing which if any serve to prevent the development 
of certain pathological conditions, to support maintenance or promote 
growth at normal rates for a given age period. These are the satisfactory 
methods for determining the quantitative presence of food “accessories” 
such as the vitamins and organic complexes. 

D. Breese Jones (13) conducted extensive feeding studies on the rat and 
demonstrated that oysters as a source of vitamins A and B (complex) 
compared well with other well-balanced foods supplying these factors. 
The presence of a substantial amount of vitamin C was reported as a re- 
sult of the experiments of Mme. L. Randoin (14). It is not surprising 
that oysters contain these food accessories. It is reasonably well es- 
tablished that animal life is directly or indirectly dependent on the vegeta- 
ble world for its supply of vitamins (except possibly vitamin D). Oysters 
feed largely on diatoms and minute marine plants, some of which at least 
(Nitzschia) have been shown by Ahmad (15) and others to be capable 
of synthesizing vitamin A. 

Drummond and Hilditch (16) and others have failed to obtain direct 
support for the idea that the microscopic plankton furnishes the source 
of vitamin D for the cod but there is no proof to the contrary and no other 
source for the development and storage of this vitamin in the liver of the 
cod has been determined. While the vitamin D potency of oysters does 
not equal the average of those of cod-liver oils, it is nonetheless present 
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as shown by the results of tests by D. Breese Jones (13). Aside from cod- 
liver oil, egg yolk, and butter are the only foods containing vitamin D in 
considerable amounts and its presence in butter is very variable. There- 
fore, the demonstration of its presence in oysters offers a most palatable 
means of supplying it in modest proportions (17). 

Vitamin B has been determined to be a complex of several types of fac- 
tors or efficiencies (18), (19). That which protects against conditions of 
the nervous system associated with the disease beri-beri or a form of poly- 
neuritis is designated B, and is more frequently of late merely described 
as vitamin B. The second factor which has been associated with both 
growth promotion and protection against certain of the pathological con- 
ditions in the disease pellagra, especially those of the skin, has been given 
the designation vitamin G. As yet unpublished data from the assays 
and investigations on the white rat by Wolf show clearly the possession 
of entirely adequate potencies of vitamin G in raw oysters dredged from 
Long Island, New York, waters. Both in growth promotion and in the 
prevention of the skin lesions of the rat were the oyster supplements to 
the deficient basal diet successful. 

As yet unpublished results of researches conducted by the writer on 
young chickens showed that raw oysters from certain southeastern New 
Jersey waters, when fed as supplement to a basal diet under conditions 
favoring the production of the so-called pellagrous condition of the mucous 
membranes of the intestinal tract of Underhill and Mendel (20), had a 
somewhat higher protective value than raw beef liver fed at substantially 
the same protein level. 

Thus, as shown by animal experimentations, oysters afford modest 
but apparently well-balanced measures of vitamins A, B, C, D, G, and 
the factors which aid in the protection of the normality of the intestinal 
mucous membranes. 

Oysters and clams are about the only animal foods widely consumed 
in the raw state; and this fact makes them of particular value in supply- 
ing those organic complexes readily destroyed by heat and oxidation which 
include especially vitamins A, B, C, and the anti-pellagrous factor, also 
D tosome extent. Oysters call for but slight cooking under any conditions 
and prompt consumption thereafter is almost universal. Sherman (21) 
and others have recently émphasized the special need for well-balanced 
amounts of this group of these food accessories. They also hold that the 
amounts necessary are probably considerably in excess of those found in 
many common dietaries. 

Minerals 


The relation of the mineral content of oysters to human nutrition de- 
serves special mention. It is here that certain marine products have a 
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distinct advantage over most agricultural ones. In the sea, marine or. 
ganisms have access to every known element, and, as appears from spectro- 
scopic analysis, at least traces of practically all of those of biological value 
have been found in oysters. But, being animals, their own metabolic 
processes require greater amounts of some elements than others, and it 
is these that they concentrate in their tissues. Some of these same ele- 
ments are those needed by man and hence it is that sea food, and especially 
mollusks, are a valuable adjunct to the diet. 

After certain sea weeds, shellfish constitute the best source of iodine 
by way of food supplies, as indicated in the accompanying table. 


Iodine Content of Various Foods 
Compiled by U. S. Bureau of Fisheries Doc. 1000 (1926) 


Iodine Iodine 
Food Parts per Billion Food Parts per Billion 

PR Ss 5 55.4, acakcigix tea aaaes 1380 ee SP eee oe 27 
eR EA eter ys 1370 UNINC as on o's b 05.80 27 
RPMI S o:0 6 6. sto. stne 5s we eee 1160 MMS Coa tic dois sa wer ais 22 
PID atosekesidlc wiclecccnave 450 ME Rouen iekaacine ites 5 
eS a er 400 NM diese Seid oa es 5 
NE Sy os oe ican 250 WBE ici. Shes a Riel a 3 to 19 
ON ESR RC CE eg ee Sct 240 Dried Sea Weed........ 900,000 
RAMEN haus: b a:acehdailece sas 106 


That iodine is essential for human well-being is fully recognized; lack 
of the element appears to be associated with conditions in which the 
thyroid gland is also generally involved. The water and soil of most 
regions contains sufficient iodine to store up enough of the element in 
the local vegetable life to protect the animal population subsisting on it 
from an iodine deficiency. However, certain regions possess very little 
iodine in their natural resources. In some of these, considerable numbers 
of the population have been found to be improved when their diets have 
been supplemented with either iodine or iodine-rich foods. Sea foods 
have usually only found a market close to the source of supply, but the 
great improvements in methods of handling perishable products have in- 
creased the area over which they can be successfully and cheaply shipped, 
and oysters and clams have an appropriate place in the dietaries of the 
population of these regions. This area bids fair to be extended as market- 
ing methods continue to be improved as the result of chemical and biologi- 
cal research. 

It was an old saying in Wales generations ago that pale young women 
would improve if fed oysters. While that form of anemia is not so preva- 
lent now as formerly, nonetheless mild types and even severe forms of sim- 
ple or nutritional anemia are quite common, especially in the young. 

A special impetus was given to the study of these food forms of anemia 
by G. H. Whipple and his co-workers at the University of Rochester (22) 
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and by Hart and Steenbock at the University of Wisconsin (23). The 
former showed that liver and other animal organs and tissues high in iron 
were of special value in the prevention and treatment of these anemias 
while the Wisconsin group emphasized the great advantage of feeding along 
with iron-containing foods or certain iron salts, traces of copper. 

These findings came almost simultaneously with the great wave of 
interest in the liver and liver extract treatment of the severe and hereto- 
fore fatal form of anemia described as essential or pernicious anemia 
originated in Boston by Minot and Murphy (24). The list of valuable 
agents for this disease has been extended from liver to the feeding of 
preparations from the membranes lining the digestive tracts of cattle and 
pigs. The special knowledge of the high iron and copper content of oysters 
resulted in the investigation of their value in the correction and preven- 
tion of that form of nutritional anemia in the white rat resulting from feed- 
ing them cows’ milk exclusively. The results of these studies by Whipple 
and Wolf in New York (25) with northern oysters of both normal and 
greenish color in comparison with control tests on beef liver indicated 
that rats with the hemoglobin content of their red blood cells reduced to 
the lowest levels could be brought back to normal quite promptly sub- 
stantially as well with oysters, especially the green-colored ones, as with 
equivalent amounts of liver. 

Their work was corroborated by the investigational findings of Levine 
and Remington (26) in South Carolina who employed local oysters in 
feeding white rats likewise made anemic on the milk diet. These latter 
results inspired editorial comment in the Journal of the American Medi- 
cal Association (December 26, 1931) under the heading: “Oysters—A 
Pleasant Form of Therapy.” 

While no special tests of the value of oysters in the treatment of per- 
nicious anemia have been made, there can be no doubt of the value in 
the feeding of oysters in the prevention and relief of simple and nutri- 
tional anemia and this value appears to be aided by the copper content 
of these shellfish. However, further researches are under way looking 
toward the better determination of the part played by the copper with 
the high iron content of oysters and possibly an effect by the manganese 
content of these bivalves. 

As a food, therefore, oysters have much to recommend them in addi- 
tion to their flavor. They are an excellent source of well-balanced pro- 
teins, and much food energy, but, even more important, they supply 
valuable minerals and a balance of vitamins. According to Professor 
H. C. Sherman (21) we need far more of these organic complexes and 
more minerals than are ordinarily consumed for what he terms “‘buoyant 
health” in contradistinction to mere maintenance of a marginal con- 
dition. 
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Analyses for Important Metals in Oysters from Representative Growing Areas 
Amounts of Metals in Pots per Million of Dry Solids 


Source of Samples Iron per Manganese 

RMR oooh, Scan bse er hes ee ke ee pie 210 146 17.6 
hs Oi lanes okk pele ale. 150 30 18.7 
ROMER. 257. Bi os Ks Site ato Sh es 320 130 14.2 
Sie RN oo 05 hae sae ie ioe. clas ah nnn. trace 1150 220 14.3 
eh I SS oc Sais tik aoe EN aA ann 420 89 27.2 
MMIII Crs ab 9's a PRS RO ERE Re a ile: Ak a aoe 270 33 6.3 
New York (Long Island) (aver. 5 ee 203 308 29.0 
Connecticut (aver. 4 samples)............. 369 4700 25.0 
Prince Edward Island (Cuida).. Ray 715 32 129.0 
Ostrea gigas (Japanese seed, grown on Pacific 

Coast, U.S. A.).. eee: 70 35 20.0 
Ostrea edulis (Whitstable, England). Rivets 216 117 9.3 
Mexican oysters, Guaymas, Sonora........ 321 31.5 5.9 


Methods of Marketing 


Oysters are placed on the market in the fresh state, in the shell, shucked, 
and quite recently in ‘‘quick-frozen”’ packages. Also a market for canned 
oysters has existed for years. Since the opening of oysters in the shell 
presents many difficulties to the uninitiated, by far the greater bulk of 
them are marketed already shucked. 


SHELL OYSTERS 


Most of the oysters put on the market as shell stock come from beds 
where most intensive cultivation produces single, well-shaped oysters of 
good quality. The stock is dredged and conveyed into the plant for 
“culling.’’ Culling involves separating the oysters from the extraneous 
shell and debris, rejecting the unsound or ‘“‘cluckers’’ and the misshapen 
ones, and grading the stock generally into four sizes—‘‘small,’’ ‘‘halfshell,” 

‘“‘medium,’’ and “‘box.’’ Some shippers utilize a carefully controlled 
system of sterilized water storage of the culled oysters in the shell for one 
or two days before barreling for the three-fold purpose of removing sand 
and organic growth from the shell, of storage to facilitate filling of orders, 
and to improve the keeping qualities. North Atlantic coast oysters in 
the shell, dredged during the hibernating season, will keep for several 
months in a cool place, and no difficulty is encountered in shipping them 
under refrigeration to Canada, Europe, or any part of the United States. 


SHUCKED OYSTERS 


In the oyster plants the opening is done by shuckers using one of three 
methods. The ‘cracker’ breaks the ‘‘bill’’ (see illustration, p. 1682, 
13) of the oyster with a hammer before ‘itiserting the knife to sever the 
large adductor muscle; the ‘‘side knifer’’ grasps the oyster in one hand 
and skilfully forces the knife blade with the other, cutting the muscle 
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MODERN OYSTERBOATS 


An oil burner (Diesel) with the latest improvements in operating gear and accom- 
modations in this newest type of oyster craft. 

The sailing model is still used in New Jersey where all oystermen have been 
required by law, in fairness to all, to employ this type of vessel. 
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SHUCKED OYSTERS, WASHED AND READY TO PACK 



















and lifting off the upper valve almost with one continuous movement; 
the “‘stabber’”’ holds the oyster on the bench and, utilizing his weight, 
works a somewhat flexible knife down and between the valves, severing 
the muscle adjacent to the deeper one. A fair day’s work for a shucker 
is ten to fifteen gallons of oyster meats, although there is no difficulty in 
opening twenty gallons and more if the oysters are ‘‘fat’’ and large. 

In the shucking operation, the incorporation of small pieces of shell, 
sand grains, and other extraneous material is quite unavoidable. To 
eliminate these, the shucked oysters are washed in large non-corroding 





metal tanks filled with water. Air is bubbled up through the water for 
several minutes, which carries the oysters upward, while the heavier sand 
and shell particles sink through the false bottoms of the ‘‘blowers.’’ The 
washed oysters are then thoroughly drained on a ‘‘skimmer,”’ a perforated 
table. The washed oysters are traditionally graded into three sizes 
from small to large, and called by the trade, ‘‘standards,”’ ‘‘selects,’”’ and 
“counts.’’ Producers generally ship shucked oysters in one, three, or 
five-gallon, non-returnable tin cans, surrotinded by ice. 















Only a small proportion of the oyster crop is canned and almost the 
entire output in this form is from the southern states. Mississippi leads 
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with a pack in 1930 of 
224,921 cases, valued 
at $1,034,362 out of a 
total for the United 
States of 396,174 cases, 
valued at $1,636,862. 

It has become legen- 
dary that oysters 
should be consumed 
only during the “R’”’ 
months, 7. e., Septem- 
ber through April. 
While oysters from cer- 
tain beds may be ob- 
tained during the 
months of May through 
August that are as 
palatable as any taken 
during the “‘R’’ months, 
it is the custom in the 
industry to restrict 
selling effort, in order 
that all attention may perenne mcr, 
be directed to the OFFICIAL OPENING OF THE 1932 AMERICAN OYSTER 
cultivation and prepa- SEASON AT WASHINGTON, D. C. 


ration of the stock for On September Ist the first oysters gathered for the 

i 1932 harvest were presented to President Hoover, in the 

the regular marketing presence of the Hon. Lewis Radcliffe, Acting Commis- 

season. It is more _ sioner of the United States Bureau of Fisheries, by Mr. 

. . Howard W. Beach of New Haven, president of the 

difficult also to ship Oyster Growers and Dealers Association of North 
fresh oysters during the America. 


hot weather and main- 
tain adequate refrigeration. Another practical reason for not marketing 
during the warm months is that after spawning in June and July the 
oysters are thin, exhausted, and inclined to be rather tasteless. 
Practically every type and kind of food has at some time been responsible 
for illnesses due to both human contaminations from without and deteriora- 
tion from within. Newspaper prominence is far from conveying proper 
conceptions of relative hazards. News value predicates the unusual 
rather than the usual. Thus, we have graphic headlines with respect 
to unusual and rare diseases which numerically contribute nothing to the 
death rate, whereas we have with us tuberculosis and other common 
diseases by the thousands, with deaths from these having no news value. 
So, too, with unusual means for the transmission of disease. When some 
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OFFICIAL OPENING OF THE OYSTER SEASON AT COLCHESTER, ENGLAND 


His Honour, the Lord Mayor of Colchester, reading the proclamation opening the 
fisheries, with the traditional pomp and ceremony of the marine pageant, preceding the 
famous Colchester Oyster Feast. This celebration attracts annually hundreds of guests 
drawn from governmental, professional, and high social circles of Great Britain. H.R.H., 
the Prince of Wales, himself an owner of oyster beds, attended in 1931. 


unusual form of infection occurs, there is a great reaction, largely be- 
cause of its infrequency. The oyster has had on a few occasions more 
than its share of the blame for a few instances of mankind’s ills. 

The oyster industry, realizing all these possibilities, has appealed 
directly to official state and federal powers for stringent supervision. 
As a result, the federal government, through its Public Health Service, 
supervises the various regulatory activities of the shellfish-producing 
states which have long been conducting responsible supervisory control and 
whose province it is to make sanitary surveys of growing areas and in- 
spections of packing plants. When requirements in this regard are satis- 
factorily met, the state authorities issue certificates to the qualifying 
producer. No shipments may be made in interstate commerce by a 
packer who has not received this certificate. It is the function of the 
health departments of non-producing states and of the large cities to see 
to it that all shipments to them are from packers certified in this manner. 
In addition, the boards of health of most of the large cities periodically 
test samples of oysters shipped to markets within their jurisdictions and 
survey restaurants, hotels, and shops where the product is served or 
retailed. Questions of healthfulness are therefore not left to chance or to 
general reputation. Official safeguards have increased in number and 
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efficiency and are welcomed by the food handler as they are accepted 
with confidence by the public. 

Civilized communities recognize inherent dangers from massing large 
numbers of people within narrow confines. Opportunities for mutual 
injury in almost every conceivable manner are increased. These are not 
alone concerned with physical safety but health protection as well. It 
is, therefore, essential that every modern method for hygienic protection 
be utilized. Substantially all of our drinking water is chlorinated and 
filtered in most instances. All of our milk with but few exceptions is 
pasteurized. More and more of our foods are furnished to us in safely 
packaged forms, and increased efforts toward greater cleanliness are much 
in evidence. The oyster industry is alive to these modern tendencies and 
is, therefore, supporting extensive studies of the various proposed methods 
for the conduct of further protective and quality-improving treatments 
and advanced methods of distribution. 


Conclusions 


Oyster culture of the future will owe a progressively increasing debt 
to science. The aquatic biologist is providing extended information con- 
cerning the growth and propagation of the bivalves not only to prevent 
their extinction from the old beds, but to increase their yields and to make 
available many acres of bottoms never before utilized. The physiologists, 
chemists, and students of nutrition are developing knowledge of the unique 
values of oysters for the human diet, and are thus extending their market. 
The bacteriologists, chemists, and sanitarians are devising further improved 
means for insuring the purity and quality and longer market life of this 
important food. 

Fought and bled for in days of old and even so in modern times, the 
oyster now takes its place in the ranks of foods which furnish ‘‘A Pleasant 
Type of Therapy.” 
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SUBLIMATION 


G. Ross ROBERTSON, UNIVERSITY OF CALIFORNIA AT Los ANGELES 


The process of sublimation affords one of the neatest methods of purifying a 
crystalline chemical preparation. A few substances have vapor pressures as 
high as 760 mm. in the solid state, and are easily sublimed. A number of 
others must be specially treated, as by dilution of heated vapor with air, to 
permit sublimation without distillation. To illustrate these cases hexachloro- 
ethane and naphthalene may be sublimed in beakers and flasks for lecture 
demonstration. Anthracene is sublimed in a student experiment involving 
suction of diluted vapors through a funnel. Benzoic acid 1s sublimed from a 
retort into a cloth bag with the aid of refrigerated air. 


One of the most elegant methods of purification is that of sublimation. 
Unfortunately, its elegance is not always attended with practical laboratory 
efficiency. In the laboratory one usually does little more than play with 
sublimation—perhaps with a watch glass as apparatus. Nobody expects a 
yield of any consequence. 


Orthodox Sublimation 


Strictly interpreted, purification by sublimation first calls for the direct 
vaporization of a solid without intervention of the liquid state. Next 
follows a direct return from vapor to solid, again without liquid. In many 
cases, however, it is convenient to melt a solid, boil the resulting liquid, 
and then return the vapor to the solid form without passage through the 
liquid state. This modification often expedites matters, and for practical 
purposes gives the sort of purification desired. 

A sublimed crystalline preparation is normally purer than a distilled 
product because there is no liquid to extract impurities from the vapors 
in the cooling chamber. The newly deposited crystals do not dissolve the 
gaseous impurities to a significant extent. The partial vapor pressures of 
these gaseous impurities, while sufficient to cause them to dissolve in a 
liquid condensate, are insufficient to permit the formation of a new in- 
dependent phase, either liquid or solid. Accordingly the undesired impuri- 
ties escape from the field of the subliming crystals and are eliminated. 
Only a second solid of high volatility and large amount would come over 
and stay with the sublimate being collected. The chances of such an 
occurrence are slight, since but few substances may be sublimed anyway. 

Simple lecture demonstrations serve to illustrate the theory of sub- 
limation. Hexachloroethane and naphthalene, two inexpensive substances, 
may be used. 

Hexachloroethane, C,Cl, 


This unusual compound! attains a vapor pressure of about 760 mm. at 


1SraEDEL, Ber., 11, 1735 (1878). ° 
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185°, two degrees below its melting point. For an organic compound this is 

remarkable behavior. Naturally it affords an ideal set-up for sublimation, 

as represented in the phase diagram of Figure 1. In this diagram, as well as 

Figure 2, scales are some- 

what distorted to bring 

out the principles involved. 

LIQUID oe lis A few grams of pure 

vp y hexachloroethane are 

MM. at placed in a large conical 

flask and strongly heated 

over aflame. As the tem- 

perature reaches 185°, the 

VAPOR crystals appear to be rest- 

less and stir about. They 

B shrink in size but do not 

185° 187° TEMP melt. The escaping vapor, 

FIGURE 1.—SUBLIMATION OF HEXACHLOROETHANE reaching the cool walls of 

the flask, deposits a white crystalline sublimate which sticks to the vessel. 
The original pile of crystals on the bottom vanishes. 

In this case the vapor, slightly superheated but at the fixed pressure of 
one atmosphere, is cooled along the line AX. At X the substance passes 
largely to the solid state, missing the liquid field entirely. Finally, after 
complete sublimation the temperature will have fallen to B, the final tem- 
perature of the receiver, virtually room temperature. 
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Naphthalene 


The sublimation of this hydrocarbon presents more difficulties, but is 
more typical of common 
practice. Naphthalene 
has a vapor pressure of 
but 7 mm. at 80°, its 
melting point. Naturally, yA * 
its boiling point is high Aa i 7 
(218°) and distillation is ' cA $4 
easier than sublimation. P hk 
Direct cooling of the pure Pale al 
vapor, prepared at 760 | Pe cal 
mm. pressure and 218°, : ” anecond aa 
causes most of the material ry se 








to condense to liquid, as FIGURE 2.—SUBLIMATION OF NAPHTHALENE 
suggested by the traversal 

of the continuous line BM, Figure 2. At 80° sublimation begins, and 
a small, unsatisfactory yield of sublimate is obtained over the path MY. 
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convenient dryness of “‘dry-ice."’- The vapor pressure of solid carbon di- 
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Most of the product is in the form of a compact cake of frozen distillate in 
which volatile impurities may easily be occluded. 

Suppose, however, that we insist on subliming the whole available 
supply of naphthalene with complete avoidance of distillation. In graphic 
terms, we must steer the lower dotted course BX, which lies wholly within 
the vapor field. As the point X is reached, sublimation occurs. It only 
remains to be shown how practically to follow BX rather than BM. 

Plainly the reduction in pressure must be specially promoted. It must 
outrun reduction in temperature in order that the line BM may be escaped. 
This is simply illustrated on the lecture table by boiling a few grams of 
naphthalene in a large beaker. A round-bottomed flask, containing cold 
water, is allowed to rest over the mouth of the beaker. The temperature 
at the bottom of the beaker is of course 218°, and the vapor pressure 760 
mm. As would be expected, more or less reflux distillation will occur in the 
lower half of the beaker; with this we are not concerned. A part of the 
vapor, escaping the distillation, rises, and is both diluted and cooled with 
air. Most important is the fact that it is diluted rapidly until its partial 
pressure falls below 7 mm. The vapor now strikes the cold surface of the 
flask, where it deposits beautiful snowlike crystals. 


Limited Field for Sublimation 


Comparatively few substances exert sufficient vapor pressure below the 
melting point to permit effective sublimation. Striking contrasts are 
noted in the accompanying table. 


TABLE I 
Vapor Pressure 

Substance at Melting Point Melting Point 
Carbon Dioxide 5.1 atm. — 57° 
Acetylene 1.2 atm. — 81.5° 
Hexachloroethane 800 mm. 187° 
Phosphorus pentachloride ca. 1 atm. 166° 
Camphor 370 mm. 179° 
Nitrogen 96 mm. —210° 
Iodine 90 mm. 114° 
Ammonia 45 mm. — 78° 
Benzene 36 mm. §.5° 
Naphthalene 7 mm. 80° 
Benzoic Acid 6 mm. 421° 
Water 4.58 mm. ge 
Bromine 0.44 mm. — 7° 
Zinc 0.15 mm. 419° 
Sulfur 0.03 mm, 119° 
p-Nitrobenzaldehyde 0.01 mm, 106° 
Toluene 0.001 mm. — 95° 
Mercury 0.000001 mm. — 39° 


The high position of carbon dioxide in the above list is illustrated in the 
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oxide is so great that the substance never gets warm enough to melt, ex- 
cept in storage under pressure. In the open evaporation keeps it solid 
until the supply vanishes. 

Subliming Point 


For the unusual substance like carbon dioxide or hexachloroethane one 
may record a “‘subliming point’’ in likeness to the familiar boiling point of a 
liquid. Naturally such would be the temperature at which the vapor 
pressure reaches 760 mm. As in simple boiling, the vapor threatens to 
push the atmosphere away. 

For other cases one finds questionable statements in the literature. 
For example, a certain substance “‘sublimes at 200 degrees,” according to 
printed authority, when it is well known that the vapor pressure of the 
solid phase never approaches 760 mm. The citation probably means that 
one must raise the temperature of the substance to 200° before enough 
sublimation occurs to be noticeable. There is of course no fixed point of 
sublimation in such a case. 


Rapid Crystallization 


The ability to form crystals rapidly is intimately connected with effec- 
tive sublimation. Apparently simple symmetrical molecules such as 
benzene, naphthalene, anthracene, and even water are thus enabled to 
form beautiful crystalline sublimates even at their rather low vapor pres- 
sures in the solid state. 

Although common ice has a maximum vapor pressure under normal 
conditions of but 4.58 mm., Nature practices its sublimation readily in the 
familiar form of a snowstorm. When the temperature falls too fast, 
and the partial pressure is too great (humid air) the line BM as of Figure 2 
is encountered, and hail eventually reaches the earth. The product is of 
course largely frozen distillate. | 

Other phases of sublimation are discussed at length by Kempf? and 
Lassar-Cohn.* These authorities describe ingenious apparatus employed 
in sublimation, including research equipment for vacuum sublimation. 


Student Laboratory Experiment 


Anthracene is one of the best substances for student practice, prefer- 
ably conducted in the elementary organic laboratory. The student is 
provided with a cheap, impure grade of the hydrocarbon readily obtainable 
in the market. Purified anthracene is prepared first, and it is then con- 


2 Kempr, ‘‘Die Methoden der Organischen Chemie,” by HouBeEn, Thieme, Leipzig, 
3rd edition, Vol. 1, p. 663. 

3 LassaR-Coun, “Organic Laboratory Methods,” Williams and Wilkins Co., 
Baltimore, 1928, p. 373. 
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verted into anthraquinone by a standard method much like that of Fisher.‘ 
The anthraquinone in turn is sublimed. 

The sublimation of anthracene, ordinarily a tedious process, is simply 
accomplished by the method of T. W. Deakers, student in this laboratory: 

Three to 4 grams of anthracene are placed in a 400-cc. beaker which stands 
over a wire gauze. The beaker is covered with a piece of stiff card, or 
asbestos paper, about 15 cm. square, which has a central circular opening 
about 2 to 3 cm. in diameter. A piece of filter paper, slightly oversize, is 
wedged tightly against the perforated plate of a common Biichner funnel. 
The funnel is inverted over the beaker and card, and is connected by rubber 
hose to the suction service or aspirator. It should be held securely in 
position with the aid of a clamp. 

Gentle suction now draws air from the beaker through the filter paper. 
When the anthracene is strongly heated, its vapors, highly diluted with in- 
rushing air, pass freely into the funnel used as subliming chamber. A 
beautiful cream-white mass of sublimate is collected ready for the oxidation 
experiment normally following. 


Preparation of Sublimates in Quantity 


Genuine sublimation of an ordinary organic compound, whose vapor pres- 
sure in the solid state seldom reaches 10 mm., is bound to be slow. We 
may then resort to ‘‘pseudo-sublimation,”’ using the apparatus of Figure 3. 

A small current of ordi- 
nary compressed air passes 
into the retort, blowing 


upon the surface of the Nee 
\\ 
\\ 





melted substance under- 

going purification. <A sec- \ 
ond current, of larger vol- 
ume, is first chilled by 
passage through a copper 
tube coil immersed in ice 
water. Both supplies of air pass into a wide-mouthed bottle, the bottom 
of which has been cut off. A common flour or sugar bag is tied over the 
opening. Cotton batting or cheesecloth is stuffed into the spaces beside 
the two entering tubes to prevent leakage backward. 

The substance in the retort never boils, but is kept at a temperature 
so high that it may have a vapor pressure of perhaps 100 mm., varied as 
practice warrants.. The aérated vapor, blown out into the bag, tends to 
condense into a mist. The mist of course is finely divided liquid, and the 
process so far is really distillation. Before the liquid has time to aggre- 


4 Fisuer, “Laboratory Manual of Organic Chemistry,” John Wiley and Sons, Inc., 








FIGURE 3 
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gate, it mixes with the turbulent stream of chilled air. Each droplet of 
mist freezes promptly. As a result a fluffy crystalline product collects 
in the bag. It is retrieved much like dust from a vacuum cleaner. Per- 
sons working during severe winter weather should be able to modify the 
above procedure to advantage by pumping air from outdoors. 

Despite the formation of liquid mist, it is probable that pseudo-sublima- 
tion gives nearly as pure a product as genuine sublimation. To be sure, 
the individual liquid droplet, in rough conformity with Henry’s law, would 
absorb for the moment any volatile impurity which accompanied the 
preparation from the retort. As the droplet freezes, however, it forms so 
small a crystal, or so simple a cluster of crystals, that the volatile impurity 
is quickly squeezed out and blows away. 

The loose structure of the cotton bag permits a few crystals to get away 
at first, but the pores in the fabric are soon choked. Such losses are 
sufficient, however, to necessitate the use of a hood in the process. 

Naphthalene is readily ‘“‘sublimed” in quantity by this process, the 
material in the retort being heated to about 140°. Benzoic acid is handled 
with like facility at about 170°. With iodine—probably because of its 
high vapor pressure at room temperatures—serious losses occur. 

It is suspected that some of the so-called sublimates of commerce are 
really products of the frozen mist process. Substances as zinc, v. p. 0.15 
mm., and sulfur, v. p. 0.03 mm., could hardly be produced in quantity if a 
vapor must be reduced to such rarity before deposition of product were 
allowed. Although zinc dust and flowers of sulfur are often called subli- 
mates, they may actually deserve another designation. Substances such as 
iodine and arsenic, however, may readily come into commercial form as 
genuine sublimates in conformity with their catalog designations. 


Steam Sublimation 


When the melting point of a substance exceeds 100°, but where the 
vapor pressure is appreciable at 100° (e. g., iodine and quinone), sublima- 
tion in steam may be employed. When steam is passed through liquid 
iodine, a mixture of the two substances passes to a condenser, where prac- 
tically the entire quantity of iodine must sublime, since the entire quantity 
of steam condenses. Thus losses caused by the escape of a non-condens- 
able gas like air are avoided. Unfortunately, the resulting product not 
only does not have a beautiful appearance, but moreover has to be dried. 
The drying process of course raises problems with a volatile solid. 

In semitropical states an interesting project for high-school students 
is available in the recovery of camphor from camphor leaves by steam 
sublimation. In California the camphor-is a common street tree. Steam 
is passed through a five-gallon can full of leaves, the fresh young spring 
growth being taken. A beautiful, glistening, highly aromatic sublimate is 
collected in an ordinary Liebig condenser. 
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CHEMISTRY AND THE QUEST FOR HEALTH* 


OLIVER KamM, PARKE, DAvis AND Co., DETROIT, MICHIGAN 


The author traces the quest for health from prehistoric times to the present. 
He presents a classification of diseases, based upon the progress made in 
methods of treatment, and pays particular attention to the part played by 
chemistry in the perfecting of various drugs. The importance of the chemist 
is often overemphasized, and here it is pointed out that although chemistry has 
been responsible for a few of the spectacular advances in the medical sciences, 
probably its most productive applications are yet to come. The needs in the 
field of medicinal chemical research are bluntly outlined. 

The article is clearly an attempt to counteract the overpopularization of 
chemistry which in recent years has been carried to a ridiculous extreme. 


The title of this paper may have led you to expect an enthusiastic account 
of the triumphs of modern chemistry presented in the style that is so popu- 
lar among rocking-chair chemists at the present time. The actual treat- 
ment of the subject, therefore, may prove to be disappointing since I expect 
to stress the fact that chemistry, after all, has played a minor réle in the 
modern drama on health conservation. A technical chemical dissertation 
will be avoided, even to the exclusion of the structural formulas so dear to 
the organic chemist, and the main emphasis will be given to the medical 
phase of the subject. A brief historical survey is indicated. 

Sydenham, the English Hippocrates, once said that disease is nothing 
more than an effort on the part of nature to restore the health of the patient, 
and although there is an element of truth in his definition in its application 
to certain symptoms—witness the recent change in attitude toward the 
symptom of fever—nevertheless it is not entirely satisfying to the patient. 
The dictionary definition, “disease is a departure from a state of health,” 
also seems somewhat inadequate, and most of us may prefer the etymologi- 
cal derivation, ease, plus the privative prefix dis, thus indicating a lack 
of ease, a definition which is adequately broad in scope and which includes 
mental as well as physical ‘‘lack of ease,” irrespective of whether it has 
been brought on by improper health habits, parasitism, or deficiencies due 
to heredity. We will here define the quest for health as the search for 
means and methods of relieving pain, combating disease, and prolonging 
life, and viewed from this standpoint it becomes one of the most important 
phases of human activity. 

The remarkable contrast between ancient and modern medicine is 
indicative of the strides that man has taken in his efforts to make life 

* Presented before the joint meeting of the Divisions of Medicinal and Biological 
Chemistry and of Chemical Education of the A. C. S. at New Orleans, March 30, 1932. 
The medical aspects of this dissertation were presented in somewhat more detail in a 
symposium on pharmacy conducted by the National Conference on Pharmaceutical 
Research (Williams & Wilkins Co., 1931). 
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longer and more livable. We have evidence, moreover, that man has 
hunted health from the beginning of time. 

At first this search was little more rationalistic than the instinctive 
habits of animals; but slowly, by trial and error and by the accumulation 
of experience, the quest for health passed the witch-doctor stage and, with 
the assistance of modern scientific developments, it has become an in- 
creasingly exact science and has attracted an army of trail-blazers who no 
longer depend upon black magic. 

Hunting health was dramatic when Alexander the Great, at the sug- 
gestion of his teacher, Aristotle, dispatched an expedition to the island of 
Socotra in the Indian Ocean for aloes; it was still drama when Ponce de 
Leon sought the legendary Fountain of Youth in Florida; and it remains 
drama today when Noguchi dies in the field from yellow fever; and other 
scientists labor in jungle clinics in another world war, but this time a war 
upon tropical diseases. And the laboratory also offers sacrifices, less dra- 
matic but far more numerous. 

With massive whale gun and sensitive probe, field glass and microscope, 
sword and scalpel, man has ventured to the far ends of the earth in search 
of secrets for the preservation and prolongation of life. He has gone down 
to the sea in ships and brought back cod-liver oil; he has dug into the 
bowels of the earth and extracted quicksilver; he has penetrated into the 
jungle and brought back the plant alkaloids; he has begun to harness the 
chemical messengers of his own body, the hormones of the ductless glands; 
and he has even discovered that important medicinal results can be pro- 
cured from some of the component parts of light. 

The quest for health has been an element of incalculable importance in 
the development of the human race. With the ape man it was not a dis- 
inclination to think, as with us, but rather an inability, yet the instinct and 
need for self-preservation continually prodded his brute brain to activity. 
In order to maintain life in the face of a cruel nature and to resist the ag- 
gression of other creatures, he must needs develop two things, the ability 
to think and the ability to act accordingly. Thus the experimental method 
of solving problems evolved slowly by pure necessity and with disastrous 
results to the vast numbers who failed to arrive at correct solutions. Fi- 
nally, man emerged triumphant over other and larger creatures; he was 
able to rest, at least occasionally, in physical security but, alas, not always 
in bodily comfort because of his many aches and pains. Here was the 
beginning of the quest for health. Man had overcome many unfavorable 
natural phenomena and visible enemies, but with the evils of a more seden- 
tary life and the handicap of his upright position (even his gregarious in- 
stinct, developed initially as a protective measure, became a curse) he was 
given no mental rest; he was called upon to fight mysterious invisible foes 
in the form of micro-organisms. 
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The quest for health and comfort was henceforth an important factor in 
stimulating man to keep mentally alive and to develop further his ability 
to think. He made progress to the extent that he combined thought with 
experimentation; without knowing it, he was laying the foundations of 
medical science. Eons must have passed without appreciable increases in 
knowledge of these sorts, but the necessity always remained to spur him on. 

Prehistoric man unconsciously used, in a limited way, logical mental 
processes and thus thought, rather than fought, himself into survival. 
His efforts in formulating hypotheses resulted in the development of mythol- 
ogy, but sometimes he went beyond step one of the deductive process of 
reasoning, for he observed and applied. For example, the savage early, 
and probably by accident, became familiar with the toxic nature of certain 
plants and thus learned to avoid them. Later, however, some prehistoric 
scientist in the tribe reasoned further and concluded that the toxic ingredi- 
ent might be applied to the sharp edges of his weapons and thus transferred 
to his prey or his enemies in order to overcome them. And we know that 
he proved his theories to the satisfaction of others and procured the adop- 
tion of the process by his tribe. An extensive scientific search could 
scarcely improve upon the South American savage’s adoption of curare for 
such purposes. No doubt a similar process led to the use of certain herbs 
by the medicine man of the tribe. 

The art of medicine, usually assumed to have started with Hippocrates 
in Greece in 500 B.C., was carried forward by Galen in Rome (200 A.D.), 
and was reborn four centuries ago with the development of anatomy, but 
this, the oldest of the medical sciences, could not cope with the problem of 
health single-handed in spite of such brilliant exponents as Versalius, Har- 
vey, Galvani, and Malpighi. 

In the Dark Ages the alchemists had kept alive the flame of chemistry in 
their attempts to make gold, and the apothecaries diligently provided their 
customers with the various mysterious medicines in use at that time, as 
well as the popular poisons. At times the apothecary—the name being 
derived from the Latin designation for the custodian of herbs—practiced 
also as alchemist and physician. 

With the sixteenth century came Paracelsus, a scientist of colorful per- 
sonality who challenged authority and was always in trouble. As a physi- 
cian he is credited with bringing on a reformation in the development of 
internal medicine, and as a chemist he is often spoken of as one of the 
“fathers.’’ The name ‘Paracelsus’ he himself devised to denote his 
superiority to Celsus. It was he who said: ‘‘Alchemy is not for making 
gold and silver; it is for making the supreme sciences and to direct them 
against disease and for human welfare.”’ 

Then occurred two isolated, important discoveries. Two hundred and 
fifty years ago the painstaking, delightful old Dutchman, Antony Leeu- 
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wenhoek, enthusiastically following his hobby, saw microbes under his 
home-made microscope, the first time that the world had spied upon these 
swimming bits of minute life. A century later, Jenner in England per- 
formed the first vaccination and eliminated the horrors of smallpox. Be- 
cause the world was not yet ready for them, both these discoveries re- 
mained barren for another century. 

The suggestions of Paracelsus finally bore sound fruit, and chemistry 
gradually developed in conjunction with pharmacy until the beginning of 
the nineteenth century when the newer science was able to shift for itself. 
Under the leadership of the former apothecary apprentice, Liebig, there 
was founded in the little city of Giessen the most famous chemical school 
of all time, and here were laid the foundations of medicinal chemistry. 

By 1850 many scientific discoveries had accumulated in the medical 
field and yet, because the bacterial nature of disease was not understood, 
suffering humanity derived few benefits. An individual with a dominating 
mind, able to correlate isolated facts, was needed in order to lead the way; 
he was found in the person of the chemistry professor, Louis Pasteur, who 
proceeded to apply to the elucidation of biological and medical problems 
the exact methods of physical and chemical research. His achievements 
are so well known to a chemical audience of this kind that it is unnecessary 
to dwell upon the details of his work. 

When man inherited the earth he came into possession also of a bewilder- 
ing array of infectious diseases, so formidable a group that one must marvel 
that he succeeded in holding his supremacy. We have already mentioned 
the main reasons for “‘lack of ease’’ or “‘disease,’”’ and of these parasitism, 
including bacterial infections, is first; next come the unfavorable influences 
of our methods of living. We cannot clearly differentiate between these 
two, however, since they are so closely related, and we know that insuf- 
ficient rest, excessive worry, and improper nutrition all lower our resistance 
and predispose us to infections. The great majority of persons would 
enjoy health and live to an advanced old age were it not for the invasion of 
their bodies by pathogenic micro-organisms. 

The bacteriologist prefers to classify disease according to the kinds of 
organisms that produce it; the physiologist and pathologist, according to 
the disturbed functions; and the physician, according to the manifestations 
which enable him to recognize and treat it. The worker in drugs, however, 
looks at these diseases from the standpoint of what is being done for their 
alleviation; that is the classification here presented. 

Group I. Diseases which can be controlled by general public-health 

measures: 
1. Cholera "5. Typhus fever 
2. Plague . Yellow fever 
3. Tuberculosis . Infantile enteritis 
4. Typhoid fever . Miscellaneous diseases 
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Group II. Diseases which can be controlled by the use of drugs either 
by prophylaxis or by direct treatment: 









1. Diphtheria 5. Rabies 
2. Smallpox 6. Tetanus 
3. Typhoid fever 7. Ankylostomiasis (Hook- 





4, Syphilis worm disease) 


Group III. Diseases which are partially controlled by drugs, although 
here the results have not been as spectacular as in Group II: 








1. Pneumonia 6. Trypanosomiasis: 

2. Scarlet fever (a) African sleeping sickness 
3. Malaria (b) Kala azar 

4. Gonorrhea (c) Yaws, etc. 

5. Leprosy 7. Fungus infections 





Group IV. Diseases for which we have as yet inadequate preventives 
or cures, although symptomatic treatment with drugs is often of 
great value in building up natural resistance to infection and in 
giving relief: 

1. Influenza and the ‘‘common cold” 

2. Rheumatic fever and arthritis 


a 


3. Miscellaneous bacterial infections: 
(a) General septicemia (blood poisoning) 
(b) Localized infections: 
(1) Endocarditis (3) Pyelitis and Cystitis 
(2) Puerperal fever (4) Appendicitis 
(5) Erysipelas, etc. 
4. Meningitis (Meningococcus infection) 
5. Dementia praecox catatonia, epilepsy, etc. 
6. Diseases of childhood: 
(a) Measles (c) Whooping cough 
(6) Mumps (d) Chicken pox 
(e) Septic sore throat 
7. Recently recognized diseases: 
(a) Encephalitis lethargica 
(6) Undulant fever (U. S.) (e) Oroya fever 
(c) Tularemia (f) Psittacosis (Parrot fever) 
Group V. Diseases of middle age, for which treatment with drugs 
is mainly palliative but usually of great value in prolonging life: 
1. ‘Heart disease” 4. Nephritis 
2. Circulatory diseases 5. Cancer (See also Group VI, 
3. Liver disorders 2) 
Group VI. Growth disturbances. In several of these, replacement 
therapy has yielded spectacular results as in the treatment of hypo- 
thyroidism, diabetes, vitamin deficiencies, and most recently in per- 
nicious anemia: 
1, Endocrine-Gland disturbances: 
(a) Anterior pituitary 
(b) Posterior pituitary (e) Suprarenal 
(c) Thyroid (f) Pancreas 
(g) Ovary and Corpus luteum 
















(d) Poliomyelitis 










(d) Parathyroid 
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Protein sensitizations 
Pernicious anemia 
Disturbed cell growth: 


(a) Cancer (sarcoma, epithelioma, and carcinoma) 
(6) Benign tumors 
(c) Gastric and duodenal ulcers 
Nutritional diseases: 
(a) Vitamin deficiency causing such diseases as rickets, 
pellagra, scurvy, beri-beri, etc. 
(b) Anemia (secondary) 
(c) Food deficiencies 


99 bo 


on 


This list presents only a partial picture of the ills that flesh is heir to but 
it serves to show clearly that much remains to be done. 

Let us now consider briefly the strategy that science has used in fighting 
these enemies of human life and happiness. There are several methods of 
fighting disease just as there are various methods of combating other 
enemies. Actually the applied methods are four in number: first, we 
can prevent invasion by advance attack; second, we can make the invaded 
area uninhabitable; third, we can adopt the principle of passive resistance; 
and fourth, we can use the method of direct attack after invasion has taken 
place. 

He is a poor general who limits himself to one form of strategy, and it 
can be said of the workers in medical science that they have sought to use 
effectively all four methods of attack. . The first is the method of preventive 
medicine based upon sanitation; the second is also preventive in that it 
confers immunity by vaccination and other prophylactic treatment; the 
third depends upon the gradual spontaneous development of a natural re- 
sistance; and the fourth is the method of chemical warfare. A few ex- 
amples will serve to illustrate these methods. 

Sanitation can prevent invasion by what is really advance attack; this 
involves the purification of drinking water, the protection of food supplies, 
sewage disposal, and the destroying of intermediate hosts. The milk 
supply is protected by pasteurization, but we can and do strike even farther 
in advance by attempting to prevent the access of pathogenic bacteria to 
the milk by supervision, education, and examination of the handlers, and 
to a limited extent by insistence on their vaccination. The purification of 
water supplies has prevented the spread of typhoid, cholera, and other in- 
testinal infections; the destruction of mosquitoes has eliminated yellow 
fever and, to some extent, malaria; and maritime quarantine has con- 
tributed its aid in the control of the plague. 

The human body is made uninhabitable for certain micro-organisms by 
vaccination, as in the cases of smallpox, typhoid, diphtheria, and scarlet 
fever. In other instances science is still dependent mainly on passive 
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resistance, as in influenza and pneumonia, or upon the spontaneous de- 
velopment of immunity, as in some of the infections of childhood. 

The methods of preventive medicine have been the most productive in 
combating diseases up to the present time; in the future, however, the 
method of chemical warfare will become increasingly more important. 

There are two types of drugs: those which are intended to remove or 
destroy by direct attack the cause of the disease, and those which are merely 
intended to ameliorate the symptoms, assist in healing the lesions, and 
hasten convalescence. As a bridge helps us over the roaring flood waters 
of a stream, so a reliable drug can assist us in passing safely over rough 
places in the quest for better health. But we do not care to travel on 
bridges all the time. Symptomatic drugs are often abused and can be 
actually harmful when they are used to hide the symptoms and thus pre- 
vent the recognition and proper treatment of the disease itself. The part 
played by the chemist in the quest for health can be illustrated best by a 
brief discussion of how remedial agents are developed through his efforts. 

The philosopher points out that human progress takes place in three 
stages: the adoptive, the adaptive, and the creative; and such a classifica- 
tion might well be applied in sketching the development of a remedial 
agent. First, we adopt the materials that nature has provided for our use; 
next, we seek to modify and purify the crude product, to adapt it for 
certain purposes; and, finally, with the aid of synthetic chemistry, we 
seek to duplicate the natural product, to produce new derivatives of it, 
and to synthesize entirely new compounds after the chemical structure of 
the parent product has been determined. 

Let us illustrate these processes of adoption, adaption, and creation by 
means of examples. 

A thousand years ago the natives of Kaffa, a province in Abyssinia, dis- 
covered the value of coffee as a stimulant and used it appropriately in dissi- 
pating drowsiness during prolonged religious services. This was a case 
of adoption of a natural product. In modern times pharmacists and 
chemists sought to concentrate the extract and to separate the specific 
substance responsible for the stimulating action, and in the year 1820 
the pure compound was isolated and named caffeine. Asa result the prod- 
uct was available in concentrated form, new modes of administration be- 
came possible, and it was combined with other drugs. This was the adap- 
tive stage of progress. In 1895 caffeine was reproduced synthetically in 
the chemist’s laboratory, and it was found possible to prepare synthetically 
certain related substances, known as purines, which are of even more inter- 
est as medicines. This presents the creative stage of progress. 

The native of South America found that by chewing the leaves of the coca 
plant he obtained certain stimulating effects and was also enabled to avoid 
pangs of hunger owing, as we know today, to the paralysis of the terminals 
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of the gustatory nerves. This is again a case of adoption. In 1860 chemi- 
cal workers isolated the alkaloid, cocaine, and pharmacologists demon- 
strated its use for the production of local anesthesia; that is, they adapted 
the natural drug to new uses. Finally, in 1902, the creative phase was 
attained and the natural alkaloid reproduced in the laboratory; and in 
1908 were made available purely synthetic local anesthetics which have no 
counterpart among natural products. 

It is true that a considerable number of successful remedial agents which 
now have a scientific basis were originally discovered and adopted by lay- 
men. For example, cod-liver oil with its vitamin content; cinchona, 
adopted by Europeans after Countess Chinchon was relieved of fever by 
the drug offered by her native servant; ipecac, which was disclosed by a 
supposed quack after the Dauphin of France had been cured of dysentery 
and the king had offered a thousand pieces of gold for the secret formula; 
digitalis, an old woman’s remedy for dropsy but today recognized as our 
most valuable heart tonic; belladonna, so-called because the Spanish 
Bella Donna herself found it appropriate for whitening the skin and for 
dilation of the pupil of the eye; and the native American shrub, New Jersey 
tea, used by the soldiers in the American Revolution not merely because the 
available supplies of good tea had been discarded in Boston Harbor, but 
also because they believed that it checked excessive bleeding from wounds 
(and now 150 years later it is reported that Jersey tea does contain a mild 
hemostatic). The Chinese drug “‘Ma Huang’”’ (Horses’ Wind) has been 
used in China for the treatment of asthmatic conditions for five thousand 
years, but only in 1924 was its use placed upon a scientific basis; now 
known as ephedrine it has proved to be a medical sensation, and new uses 
have recently been found for it. 

It should be remarked, however, that for every effective remedy found 
by the old adoptive methods a hundred ineffective ones have also been 
foisted upon the sick, and that many time-honored remedial agents have 
been forsaken during recent years because modern scientific research has 
been unable to prove that they had any positive value whatever. 

Until recently, civilized communities as well as savage have been de- 
pendent on adoptive methods, but with the development of science the im- 
portant natural products are rapidly being improved by adaptive pro- 
cedures. The most important adaptive work, no doubt, is the development 
of the biological products such as serums, vaccines, and antitoxins, and 
the isolation of hormones and vitamins. Finally, as a result of the de- 
velopment of synthetical chemistry, at least a beginning has also been 
made in the direction of creative measures. The three stages of progress 
overlap; we are now near the end of the adoptive stage, in the very midst 
of the adaptive stage, and at the threshold of the creative stage. 

If I were required to list the individual achievements of chemistry in 
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these directions in the order of their importance, I should be tempted to 
place first the fact that it permitted the great chemist, Pasteur, to desert 
the field in which he had been trained and become a medical scientist; 
second, I should mention the development of methods for water purifica- 
tion; and third, the invention of soap and the increasing tendency to use 
it liberally. It is questionable, however, whether modern chemistry 
has the right to claim much of the credit for these accomplishments. 
Fourth in the list of epoch-making achievements I should place the develop- 
ment of specific drugs for the treatment of syphilis, and yet this outstanding 
chemical achievement, credited to the physician Ehrlich, has been unsuc- 
cessful in stopping the ravages of the disease, a failure which, however, must 
be placed at the door of sociology. Fifth in the list of advances comes the 
first for which the chemist can claim full credit—the synthesis of new com- 
pounds, usually patterned after natural products, which have found miscel- 
laneous medical uses. To mention a few of the specific types of drugs of 
this kind we need merely to recall the use of the anesthetic or the hypnotic 
to produce unconsciousness, the analgesic to relieve pain, the antipyretic 
to reduce fever, the heart stimulant to improve circulation, and the germi- 
cide to prevent contagion or reinfection. 

In attempting to counteract ever so slightly the harmful influences of 
modern chemical propagandists, I may unconsciously adopt a pessimistic 
attitude which, of course, is in no sense justified. We should look forward 
to the limitless field of discovery which lies ahead and not delude ourselves 
into believing that chemistry has accomplished just about everything that 
is worth while accomplishing. 

Once upon a time the chemist was modest, perhaps too much so for the 
the good of his profession, but he no longer can be accused of possessing 
such a virtue. Scientists used to thrill with the hope of wresting from 
Nature some of her chemical secrets, but now it appears that Nature is 
taking her daily lessons from the chemist. Permit me to quote from one 
of the champions of popular chemistry: 


We will not properly understand the world’s literature until the 
teaching of English is transferred to the department of chemistry. . . . 
The history of the world will remain a riddle. . . until we recognize the 
chemical factors in the course of events.... Wherein is modern 
civilization superior to ancient civilization and primitive barbarism? 
[Because of the physical and intellectual advantages brought by 
chemistry.]... Where did we get the alphabet? [From the chem- 
ists.]... The Phoenicians invented the alphabet because they 
needed it in their chemical business. Venice, the next great com- 
mercial power, also was founded on chemistry. ... What was it 
that drew Columbus across the Atlantic? What was it that enticed 
Vasco da Gama to India around the Cape of Good Hope? What 
was it that sent Magellan around the world? [Chemistry, of course. ] 
.... The factors of heredity and ‘the origin of the species are merely 
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chemical problems. But this is not all. The chemist will soon 
have power not only to control the course of life in the future, but 
he will be able to interpret the past... . Neither time nor space can 
curtail the scope of chemistry....In the future he [the chemist] 
may gain control of life itself. . .. Metaphysics has a chemical founda- 
tion; astronomy likewise depends on chemistry; geometry is essen- 
tially a branch of chemistry. 


If you are interested in more, I refer you to the Journal of Industrial and 
Engineering Chemistry, May, 1924. It is not surprising that some reaction 
resulted, and indeed many editorials have appeared on the other side of 
the subject. I shall quote from a clipping taken from a country-town 
newspaper : 


They tell us that soon the countryside will be good for nothing 
but scenery and that we shall feed upon proteins, sugar, and starch 
prepared in the laboratories at inconsiderable cost. Whether these 
proteins, starches, and sugars are to be eaten with a fork or a spoon 
we are not told by the chemist; but we do know that they will have 
to come out of the earth and it may be worth while to remind those 
who over-rate science and particularly chemistry (and they are 
legion among the gentlemen who write), that the meanest growing 
plant converts chemicals into calories with fifty per cent greater 
efficiency than the most perfectly equipped scientific laboratory 
Science has made great progress and will continue to make much 
more, but as yet science knows nothing of creation. Its first function 
is to learn how nature works and to do team work with her, in which 
team nature compares to its yoke-fellow as a horse to a rabbit. 


This impresses me as a keen analysis of the situation. As far as I know, 
it has never been specifically claimed that editorial writing is a sub-branch 
of chemistry, but it is evident that this editor proved himself to be a fair 
scientist. If editorial writing is a branch of chemistry, and presumably it is, 
I suggest that this small-town editor be given his degree in chemistry. 

The chemist has talked so extensively of his accomplishments that he 
has convinced himself, at least, that everything he says must be true. 
Perhaps he will resent the following viewpoint. 

The gaps left in our knowledge of natural products are far greater than 
the advances already made. Among the medicinally important plant 
alkaloids many are still imperfectly known chemically, and only a few of 
them have been synthesized; among another important group of natural 
products, the complex glucosides, of which those in digitalis are of greatest 
value in this age of heart troubles, little progress has been made chemically; 
the riddle of the enzymes is still unsolved, and the same can be said of toxins 
and antitoxins. Although thousands of workers are studying the hormones 
of the ductless glands, only a few of these active principles have been iso- 
lated and only the two simplest ones have been produced by synthesis. 
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We are still groping in the dark in so far as our chemical knowledge of 
vitamins is concerned, although we have a ray of light in the discovery of a 
relationship of the alcohol, ergosterol, and the pigment, carotene, to vita- 
mins D and A, respectively. Finally, much remains to be learned of the 
relationships between hemoglobin, chlorophyll, the bile pigments, and 
cholesterol. 

Most of our drugs, with the exception of the typical biological products 
which are not dependent upon the chemist, merely relieve certain symp- 
toms and do not attack the disease itself. Specifics have been developed for 
afew of the trypanosome infections, but in the treatment of diseases caused 
by bacteria we still must depend more upon nature than upon the chemist. 
Spontaneous recovery due to nature’s tendency to produce immunizing 
substances still is our main reliance. Little is known concerning the rela- 
tionships between chemical structure and physiological action, and the 
absence of known laws enabling one to predict and calculate the action of 
drugs is a great handicap; in these directions the chemist has much to learn 
in coéperation with other scientists. 

Most of the chemical problems in relation to medicine are still unsolved, 
and this field of work therefore is full of possibilities. No one needs to 
regret that he did not live fifty years ago when each experiment which the 
chemist conducted in his laboratory constituted a discovery. The field 


may become increasingly difficult, specially trained men may be needed, 
but the benefits to humanity and the possible rewards to the individual 
are greater than ever. Even in this age of specialization and group effort, 
there is ample opportunity for the lone investigator, but the pen is not a sub- 
stitute for hard laboratory work. 





THE CATALYTIC DECOMPOSITION OF ETHYL ALCOHOL 


HERBERT E. Morris, UNIVERSITY OF ALBERTA, EDMONTON, CANADA 


The salient features of the catalytic decomposition of ethyl alcohol have been 
outlined in this paper. The early studies on dehydration and dehydrogenation 
have been indicated and the mechanism of reaction outlined. The sources of 
some of the secondary products such as carbon dioxide, ethane, and methane 
have been identified from the available information. Some of the theories of 
catalytic action which have been deduced, following studies on alcohol decom- 
position, have been reviewed. 


Introduction 


The catalytic decomposition of ethyl alcohol has been the subject of 
numerous investigations since the first classical researches upon the ac- 
tivity of catalysts. Ethyl alcohol quite readily undergoes two main reac- 
tions involving either dehydration or dehydrogenation and is particularly 
useful for the determination of the specific nature of the activity of a 
catalyst. This variation in decomposition reactions permits a study of the 
mechanism of catalytic activity and many theories of the nature of a 
catalyst surface have been advanced as a result of studies on the decom- 
position of ethyl alcohol. For these reasons a brief review of the decom- 
position of ethyl alcohol should be of interest. This review is not intended 
as a comprehensive compilation of all results which have been published, 
but only those results which illustrate the present development of the 
subject are included. 

There are two main decompositions which ethyl alcohol readily under- 
goes due to the influence of catalytic agents; dehydration and dehydroge- 
nation. Depending upon the catalyst there are also two possible dehydra- 
tion reactions; intermolecular dehydration with the formation of ethyl 


ether; 
2C,;H;OH = (C2Hs5)20 + H,O 


and complete dehydration with the production of ethylene. 
C,.H;OH = CoH, + H,0 
Dehydrogenation produces acetaldehyde directly, 


C,.H;OH = He + CH;CHO 


and any complexities in this reaction are produced by secondary reactions 
of the aldehyde. ‘ 

There are several other reactions which have been advanced by various 
workers and these will be discussed subsequently but these three above- 
mentioned reactions are the most important. 
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Early Researches 


The systematic study of the catalytic decomposition of ethyl alcohol 
was not started until early in the present century. With the exception 
of work on the preparation of ethyl ether, the information available on the 
reactions of alcohol was very meager. In 1839 Masson (38) observed that 
anhydrous zinc chloride produced ethyl ether from ethyl alcohol, and 
Greene (27) re-examined the same reaction in 1878, obtaining a great 
variety of products including ether, acetaldehyde, ethylene, ethane, hydro- 
gen, and polymeric oils. 

Williamson’s researches on the dehydration of ethyl alcohol by con- 
centrated sulfuric acid were presented in 1852 (68) and a large number of 
papers have appeared since that time dealing with variations in the pro- 
cedure. Grigoreff (28) was the first to observe that metallic oxides also 
possessed dehydrating power when he obtained ether and ethylene using 
alumina as the catalyst. 

Reiset and Millon (51) were the earliest to note that platinum sponge 
dehydrogenates alcohol at a temperature of 220°. These results indicated 
that two distinct types of reaction were possible with ethyl alcohol and the 
nature of the catalyst was the sole criterion of which route the decomposi- 
tion would follow. 

General Results 


With this small amount of information available Ipatiev and Sabatier ~ 
presented a long series of papers between 1901 and 1910 which indicated in 
great detail the type of reaction which might be expected with a great 
variety of metals and metallic oxides. Ipatiev showed his results as 
pyrogenic decompositions, the studies being practically all high-tempera- 
ture reactions in a range of 500-700°C. A large number of metals were 
studied and it was observed that both dehydration and dehydrogenation 
occurred in many cases (30). 

Sabatier and his co-workers, Senderens and Mailhe, investigated the 
influence of catalysts over a much lower temperature range varying from 
150°C. to 350°C. and rarely higher. The catalysts were quite specific and 
Rideal and Taylor (52) present a table (see p. 1732) which summarizes 
some of the results of Sabatier and Mailhe (54). The catalysts are arranged 
in their order of activity as dehydrating agents; the figures refer to the 
percentage of ethylene in the ethylene-hydrogen mixture obtained by 
passing alcohol vapor over the catalyst at 350°C. 

This table indicates the variation in the activity of many metals but 
is not complete and a more detailed summary of the activities of other 
catalysts may be found elsewhere (56). In addition to metals, however, 
other substances are also catalytically active. For example, Senderens 
(62) examined the action of amorphous carbon at 400°C. and found that 
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Catalyst Per Cent Ethylene it acted as a mixed catalyst, 
ThO, 100 


ALO; 98.5 Deterdeiting One feature of this study was 
W:0; 98.5 the identification of formalde- 

hyde which Senderens believed 
Cr203 91 : : 
SiO, 84 to be formed directly according 
TiO. 63 to the equation C,H;OH = 
BeO 45 CH, + HCHO. A number of 
ZrO; 45 Mixed dehydrating amorphous compounds and 
U;0s ~ and dehydrogenat- salts were found to give simi- 
— we ~ lar results with at least an 
V0; 9 equally great activity. 

5 The catalytic reactions of 
ari ~~ ethyl alcohol are not limited 
to simple dehydrogenation and 
dehydration and a variety of 

Dehydrogenating products are possible which 
will be discussed in detail 
later. There are various fac- 
tors, both physical and chemi- 

cal, which also influence the action of catalysts with the regular reactions. 

The majority of studies on catalytic activity have been limited to single 
metal catalysts or small amounts of promoter. Studies by Boomer and 
Morris (12), (13) have indicated that there is a fundamental difference in 
the reactivity of metals when combined in a catalyst with other metallic 
elements. In mixed catalysts it was observed that nickel was more 
effective than chromium, which in turn was more active than copper but 
the resistance to thermal de-activation was in the reverse order. 

The influence of pressure has been studied by Ipatiev (31). It was con- 
cluded that an increase of pressure diminished the decomposability of the 
alcohol, although the general course of reaction was much the same as that 
observed under ordinary pressure. The extent of decomposition varied 
inversely with the pressure. Similar results were obtained if the tempera- 
ture was raised correspondingly to higher values. Rather interesting 
results were obtained at high temperatures in which alcohol first decom- 
posed to ether, and this was subsequently further dehydrated to ethylene; 
alcohol being apparently regenerated, was immediately dehydrogenated. 
A more recent paper by Ipatiev and Kliukvin (33) studied the influence of 
pressure upon the polymerization of the products of catalytic decomposi- 
tion, using both iron and alumina as catalysts. In this case it was ob- 
served that both aldehyde and ethylene polymerized readily. 








Influence of Diluents 
The effect of diluting alcohol vapor with inactive substances has been 
investigated by many workers. One of the favorite diluents has been 
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water vapor and Engelder (24) was probably the first to observe that 
water vapor decreased the rate of catalytic decomposition of ethyl alcohol. 
Constable (21) studied the influence of water vapor on the dehydration of 
alcohol over thoria and observed that in small concentrations water acted 
quite definitely as a promoter but at higher concentrations acted as a 
poison. This was also confirmed by Hoover and Rideal (29) who noted a 
decrease in the velocity of the dehydration reaction. 

Armstrong and Hilditch (6) investigated the influence of water vapor 
on the dehydrogenation reaction over copper. It was found that the 
presence of water in alcohol improved the yield of acetaldehyde relative 
to that of hydrogen. Thus at 300° anhydrous alcohol only gave an 
aldehyde-hydrogen ratio of 67%, while alcohol containing 8% water gave a 
95% ratio. That is, with anhydrous alcohol there is a much more pro- 
nounced decomposition of acetaldehyde and in this case water vapor ap- 
parently acts as a beneficial poison in suppressing secondary reactions. 
Russel and Marschner (53) studied the reaction on nickel below 200°C. 
and made similar observations on the fact that water increased the amount 
of alcohol undergoing reaction, but decreased the percentage of aldehyde 
decomposed. It was suggested that water reduced the length of time which 
the reacting molecules spend on the surface of the catalyst. 

There is a possible reaction between ethyl alcohol and water, 


C.H;OH + 3H:O = 2CO, + 6H, 


and Lazier and Adkins (36) observe without comment that water vapor 
increases the quantity of CO, and hydrogen in reaction products, although 
Boomer and Morris (14) were unable to find any direct indication of such a 
reaction with a variety of catalysts. 

Carbon dioxide as a diluent was studied by Gilfillan (26) with the an- 
ticipation of inducing reaction to produce diethyl carbonate. 


CO, + 2C.H;OH = CO(OC2HS)s + H,O0 


Instead of such a reaction, however, carbon dioxide promoted the forma- 
tion of acetal with a thoria catalyst. 


CH;CHO + 2C.H;OH = CH;CH(OC:Hs)2 + H:O 


Morris (40) found that the only influence of CO: was indicated by inducing 
a greater decomposition of alcohol due to a slower space velocity. The 
reaction shown above is probably due to this same effect. 

Two other diluents have been examined by Hoover and Rideal (29). 
Acetaldehyde decreased the velocity of the dehydration reaction while 
chloroform in small quantities promoted the ethylene reaction. Chloro- 
form in excess acted as a poison, however, and inhibited dehydrogenation 
whenever present. 
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Types of Reaction 


It will be obvious that a variety of products are possible in the catalytic 
decomposition of ethyl alcohol and the nature and possible sources of 
some of these products make an interesting study. There are at least 
five distinct reactions that may take place at the surface of solid catalysts 
and of these the first four all occur within the same temperature range (65), 


C,:H;OH = CH;CHO fb H: 
C,.H;0H = CH, + CO + Hz 
C,H;OH aaad CoH, + H,O 
2C;H;OH = C2Hs + CH;CHO + H:0 
2C,H;OH = (C2Hs)20 + H20 


These reactions will be elaborated in subsequent discussion and some 
of the complications arising from secondary reactions will also be con- 
sidered. 

Dehydrogenation 


One of the most important decompositions of ethyl alcohol involves 
dehydrogenation with the formation of acetaldehyde and hydrogen over a 
variety of catalysts. This reaction is relatively simple chemically but the 
mechanism of the process possesses complications as indicated in the 
following extract. ‘We know that ethyl alcohol can be decomposed into 
acetaldehyde and hydrogen—but that is as far as people have gone hitherto. 
With pulverulent nickel as catalyst, the reaction is almost completely 


CH;CH,OH = CH;CHO of He. 


We do not know whether the hydrogen comes off in one stage or in two, 
though it is probable that it comes off in two stages. If so, is the first stage 
CH;CH:20 or CH;CHOH?”’ (8) 

There are two types of dehydrogenating catalysts exemplified by nickel 
and copper. Both tend to convert alcohol into aldehyde and hydrogen, 
but nickel is much more likely to decompose the aldehyde into methane 
and carbon monoxide. : This activity is illustrated in the results of Arm- 
strong and Hilditch (6) who obtained a ratio of aldehyde to hydrogen of 
only 36% of the theoretical with nickel at 250°C. The gases from the 
reaction contained 60% He, 20% CO, and 15-17% CH,. This same ratio 
was about 97% with copper at 300° and the gas was practically pure 
hydrogen. 

A mass of experimental results has been published on this reaction but 
only a few examples will be cited. Palmer (46) made an extensive study 
of copper and various oxide catalysts te determine the influence of varia- 
tions in reaction procedure. Adkins and Lazier (2) stated that a varia- 
tion in temperature affected the amount but not the ratio of reaction 
products with nickel as the catalyst. 








ff GG. Se 


_ 
h 


—- oo 


~— =~ at ca: at - = -we 








1932 


lytic 
S of 
east 
ysts 
5). 


me 
On 









Vou. 9, No. 10 DECOMPOSITION OF ETHYL ALCOHOL 1735 


Both Ipatiev (32) and Armstrong and Hilditch (6) attempted to hydro- 
genate acetaldehyde to obtain an equilibrium but obtained only the 
normal decomposition products of acetaldehyde. Bancroft and George 
(10) were able to measure the equilibrium at 140-145°C. both by hydro- 
genation and dehydrogenation over nickel and obtained a value of 96-97% 
alcohol by hydrogenation of acetaldehyde and 3% aldehyde by dehydro- 
genation of ethyl alcohol. 

Dehydration 


(a) Ethyl Ether.—Ethyl1 ether and ethylene are both produced by the 
dehydration of ethyl alcohol, although there is a marked difference in the 
methods of production. The formation of ether was first studied in 
detail by Williamson (68) who observed large yields of this product when 
using concentrated sulfuric acid at 140°C. The mechanism of reaction 
is one of the classical examples of the intermediate compound theory, 
the first step producing ethyl sulfuric acid which reacts with another 
molecule of alcohol. 

H.0 + C:H;0SO;H 
H2SO, + (C2H5)20 


C.H;0H + H2S0, 
C.H;OSO;H + C:;H;OH 


This reaction has been the subject of much study since'that time. The 
most favorable temperature for reaction is in the region of 140-145° ac- 
cording to Norton and Prescott (44); above 160° sulfurous acid is evolved 
with the destruction of sulfuric acid necessary for reaction. Pagliani (45) 
showed that SO, under pressure is not satisfactory for the reaction for it 
leads to the formation of many other products. Senderens (64) made the 
observation that the addition of aluminum sulfate markedly promoted the 
reaction at a lower temperature. 

An investigation of the sulfuric acid-ethyl alcohol equilibrium has been 
made by Pease and Yung (49) at 130°C. and it was stated that at this 
temperature there was a maximum conversion of 85% of the alcohol to 
ether which was evidently the equilibrium. 

(6) Ethylene-—The dehydration of alcohols by certain oxides, such as 
alumina or thoria, with the formation of ethylene is a well-known reaction. 
Senderens (63) observed that at 240-260°C. the dehydration of alcohol over 
alumina produced ethyl ether but, at 300°, ethylene to the amount of 
99.5% was produced. Silica gave a similar yield at 280°C. 

The mechanism of the reaction as suggested by Sabatier and Mailhe (55) 
bears a close analogy to Williamson’s theory. 

Al,O; + 2C;H;OH = HO + Al,0.(OC2Hs)s 
2C,H;OH + Al,02.(OC2Hs5)2 2(C2Hs)20 + Al,O2(OH)2 
Al,O,(OH), = AkO; + H2O 
Boswell and Dilworth (15) have made another suggestion involving films 
of H+ and OH’ on the catalyst surface which may react as shown. 
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Ht : ie H+ 
, , ‘HO:—CH 
Al,O; OH We faed l Bich Al,O; | OH’ 
walle 'H| CH, — ? C,H, + H,0 
(OH | |OH 


The difficulties inherent in the selection of a suitable mechanism are jin- 
dicated by the following excerpt. 


With pulverulent alumina the reaction is almost completely ethyl- 
ene and water. Does water split off as such or do we get a pre- 
liminary splitting-off of hydrogen or hydroxyl? It seems improbable 
that water can split off as such because then it would be difficult 
to account for the intermediate formation of ether. If the first stage 
is a splitting-off of hydrogen, it probably is not the same hydrogen 
which comes off first with nickel, because then we should expect the 
reaction to go the same way in the two cases. If the first stage is a 
splitting-off of hydroxyl, does the other hydrogen come from the ad- 
jacent carbon atom, giving ethylene direct or does it come from the 
same carbon atom, forming a substituted methylene CH;CH, which 
then rearranges to ethylene? (8). 


The investigations of equilibrium in the dehydration of alcohol using 
alumina, by Pease and Yung (49), Clark, Graham, and Winter (18), and 
Alvarado (5), all.arrived at a similar result indicating about 85% ether at 
250-260°C. 

An interesting result on mixed catalysts showing both dehydration 
and dehydrogenation has recently been shown by Williamson and Taylor 
(69) using manganous salts as catalysts. It was observed that the ratio 
of dehydrogenation to dehydration increased with the valency of the ion 
in the salt as indicated by the oxide, sulfate, orthophosphate, and pyro- 
phosphate. Taylor and Sickman (66) studied alcohol decomposition on 
zinc oxide catalysts and were impressed by the capriciousness of their 
catalysts and the difficulty of obtaining reproducible results. 


Formation of Carbon Dioxide 


The sources of the carbon dioxide observed among the products of the 
decomposition of ethyl alcohol have given rise to several interesting postula- 
tions. Owing to the variety of products formed in both primary and 
secondary reactions there are several fairly simple reactions leading to 
carbon dioxide in the temperature ranges usually studied. These are 
indicated below with relevant references. 


2CO = CQ:+C (31), (61) 
2CO + 2H, = CO; + CH, (7), (17) 
C + 2H:O0 = CO, + 2H, (17) 


Certain of these reactions may be eliminated from consideration with some 
catalysts; if there is no trace of carbonization or dehydration, there is no 
possibility of reaction occurring. 
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Sabatier and Mailhe (54) have shown that oxide catalysts may be 
reduced by alcohol vapor, producing CO:, but obviously this reaction would 
cease when the oxide had been completely reduced. 

Brown and Reid (16) have suggested that the carbon dioxide is due to 
the condensation of acetaldehyde to an ester, which on decarboxylation 
yields CO, and a hydrocarbon. The decarboxylation of ethyl acetate 
has been reviewed by Sabatier (59) and further investigated by Adkins (1) 
and found to proceed readily over certain catalysts. This is of further 
interest in view of the fact that acetic acid has been reported as a frequent 
product in alcohol decomposition and would tend to promote ester forma- 
tion; Armstrong and Hilditch (6) have reported ethyl acetate as a product 
obtained over nickel at 350°C. 

Lazier and Adkins (36) believed that the above mechanisms were un- 
satisfactory and emphasized several factors which must be taken into 
consideration. These include the presence of carbon dioxide itself, the 
acidic nature of all condensates and the frequent observance of a brown, 
water-insoluble resin, and Lazier and Adkins developed a new mechanism 
to account for all of these facts. They suggest that the catalyst is dehydro- 

genating and the aldehyde produced by this reaction is still further dehydro- 
genated to yield a ketene. 


CH;CHO = He a CH.CO 


The reaction between this ketene and more acetaldehyde would produce 
CO, and an unsaturated hydrocarbon, which latter would polymerize to 
produce the resin so often observed. 


CH2,CO + CH;CHO = CO: + CH:CH:CHs; 


A reaction between the ketene and water would produce acetic acid, 
while a reaction between this ketene and ethyl alcohol yields ethyl 
acetate. 

Recently Boomer and Morris (14) have examined these reactions in 
detail and obtained confirmation of the reaction suggested by Lazier and 
Adkins with some catalysts. However, it was also observed in several 
cases that the resin was an oxygenated product rather than a hydrocar- 
bon, which indicated other reactions. To account for this it was sug- 
gested that the ketene might react further to produce allene and carbon 
dioxide: 

2H,CCO = CO, + H2CCCH, 
This reaction would account for the larger amounts of CO: observed 
while a secondary reaction between allene and acetaldehyde would produce 
a compound with the composition and properties indicated by the oxy- 
genated resin obtained. 
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Formation of Ethane 


The formation of ethane has been a subject of consideration in several 
research papers. Greene (27) observed its formation on hot ZnCl, while 
Ehrenfeld (23) noted ethane when ethyl alcohol was passed over heated 
carbon and stated that the hydrocarbon was formed as a primary reduction 
product. Engelder (24) studied alcohol decomposition over titania and 
claimed the formation of ethane by the hydrogenation of ethylene, the 
latter being produced in a primary dehydration reaction. This reaction 
was said to be due to hydrogen present as ‘‘nascent hydrogen.”’ 

Bischoff and Adkins (11) studied this mechanism in detail and believed it 
more probable that the formation of ethane involved an auto-oxidation and 
reduction reaction. 


2C.H;OH = CH;CHO ot H,0 of CoH, 


Boomer and Morris (12) reported results with a catalyst containing copper 
and chromium on silica. The results indicated that ethane was due to the 
primary reaction of Bischoff and Adkins. In a later study these workers 
(43) investigated a number of catalysts and concluded that both primary 
formation and secondary hydrogenation yielded ethane, the reaction being 
dependent upon the catalyst. 


Formation of Methane 


Methane has been frequently observed among the products of the 
catalytic decomposition of ethyl alcohol and several sources of the hydro- 
carbon are possible. One of the main sources of methane involves the 
decomposition of acetaldehyde, 


CH;CHO = CH, + CO 


a reaction which has been studied by Sabatier and Senderens (60) over 
many catalysts. Razuvaev (50) added the reaction between CO and 
hydrogen 

CO + 3H, = CH, + HO 
as a source of methane. 

Morris and Boomer (42) investigated the sources of methane possible 
with the reactants produced in the decomposition of ethyl alcohol. It was 
concluded that there were at least seven reactions which might yield 
methane. In addition to the two mentioned above the following reactions 
were considered : 

2CO + 2H, = CH, + CO; 


CO, + 4H, = CH, + 2H.0 
4CO + 2H,0 = CH; + 3CO,; 
C+2H, = CH, 


nCoH, 


CHy, C2He, C, He, ete. 
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All of these reactions occur within the temperature range usually studied 
in alcohol decomposition. It was therefore decided that it was extremely 
dificult to determine the exact source of methane in the catalytic decom- 
position of ethyl alcohol although certain reactions may be expected with 
specific catalysts. 

In addition to the products discussed above many organic liquids have 
been found in the condensates obtained in reactions with many catalysts. 
Only small quantities of such materials have been obtained and exact 
identification appears difficult but acetic acid, ethyl acetate, butyraldehyde, 
croton aldehyde, etc., have been detected by various workers. Such 
products further complicate an analysis of reaction mechanisms and it 
must be concluded that studies of alcohol decomposition are usually 
limited to qualitative determinations on catalytic activities. 


Various Reactions 


While this paper has been concerned primarily with the catalytic de- 
composition of ethyl alcohol, an indication of some other catalytic reactions 
seems to be in order. A review of the catalytic oxidation of alcohol may be 
found elsewhere (41). Catalytic esterification with the formation of ethyl 
acetate in both liquid and vapor phase has been studied on several oc- 
casions. Mailhe and de Godon (37) and Frolich, Carpenter, and Knox (25) 
used zirconia as the catalyst while Milligan and Reid (39) found silica to be 
an excellent catalyst. Ethyl formate may be prepared in an analogous 
manner. 

The production of ethyl mercaptan has been studied in two quite dis- 
tinct reactions. Kramer and Reid (35) passed ethyl alcohol and hydrogen 
sulfide over thoria at 380° and obtained 35% conversion to the mercaptan. 
Gilfillan (26) promoted the formation of this product by passing a mixture 
of alcohol and carbon bisulfide over several catalysts. In some cases ap- 
preciable quantities of ethyl mercaptan were formed. 

Ethyl amine is fairly readily prepared by passing a mixture of ammonia 
and alcohol over various catalysts (9). Sabatier and Mailhe (55) found 
thoria especially favorable for this reaction. Knoevenagel (34) heated 
ethyl alcohol and aniline at 230° with iodine as a catalyst and obtained a 
good conversion to ethyl aniline. It has also been stated that the forma- 
tion of acetal from ethy] alcohol and acetaldehyde is favored by the presence 
of various catalysts (58). These few examples of the formation of esters, 
mercaptan, amines, and acetal have been presented to show some of the 
many other catalytic reactions of ethyl alcohol. 


Theories of Catalytic Action from Alcohol Studies 


The catalytic decomposition of ethyl alcohol has been a prolific source of 
theories of the action of a catalytic surface and some of these merit study. 
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Sabatier (57) firmly believed that catalysis could be explained by the 
formation of intermediate compounds and cited the formation of nickel 
hydrides as the most outstanding example. A finely divided metal 
which gives a quickly formed and readily decomposable, unstable hydride 
should be able to remove hydrogen from compounds and thus act as a 
dehydrogenation catalyst. , While such a theory may seem satisfactory in 
certain cases, the extension of the idea to all results presents many difficul- 
ties. 

Palmer (47) concluded from a series of studies that the active surface of a 
catalyst was covered by a layer of alcohol several molecules thick, but 
only in the layer next to the catalyst was the intensity of radiation strong 
enough to induce activation. As the temperature increased the adsorbed 
layer decreased in thickness with the resultant increase in ease of evolution 
of the products. The radiation theory of chemical action is not necessary 
for the visualization of this concept and adsorption is generally accepted 
as an important factor in catalytic decomposition. 

A study of decomposition products of primary alcohols led Palmer and 
Constable (48) to an extension of the above theory. It was believed that 
reaction occurred in the adsorbed film covering the surface. In this case 
it was observed that the film was not monomolecular below 280°C. but 
had a thickness which increased as the temperature decreased. In view 
of the fact that various alcohols indicated a similar reaction velocity in 
spite of a variation in length of hydrocarbon chain, it was concluded that 
reaction occurred on the —-CH:OH group at the end of each chain. This 
group was adsorbed on the catalyst in contact with the surface while the 
hydrocarbon chain remained perpendicular to the copper surface. The 
analogy between this concept and that concerning oriented fatty acid films 
on water is evident. 

In.an interesting series of papers Constable (19) advanced the theory 
that chemical reaction occurred only when alcohol molecules were adsorbed 
over a characteristic arrangement of atoms which was called a ‘‘reaction 
center.’ There may be a variation in the number of atom centers beneath 
one adsorbed molecule and consequently the density of reaction centers may 
also vary considerably with a variation in activity. It was further stated 
(20) that alcohol decomposition only occurred when the alcohol molecule 
possessed an energy above that characteristic of the temperature of the film. 
Since the —CH,OH group was changed it seemed possible that this group 
contained this excess energy called the energy of activation. Somewhat 
later Constable (22) stated that catalytic action was due to the effect of 
strong specific fields of force emanating from special configurations of 
atoms upon the catalyst, this theory fepresenting an extension of the 
radiation concept to the postulated reaction centers. 

Adkins (1) maintained that the activity of a catalyst depended on the 
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molecular size of cavities in the mass. A series of alumina catalysts pre- 
pared by different methods indicated varying activities. It is evident that 
alumina prepared by the methods shown would have a markedly different 


structure. 
Al,O3; + 3H2O 


Al,O3 + 3(C2:H5)20 


2Al(OH)s 
2Al(OC2Hs)s 


Adkins has shown that the activity of such catalysts presented a marked 
variation. 

Several factors must be considered in catalytic reactions according to 
results of Adkins and his co-workers (3). The adsorbing power of the 
catalyst, the variation in the spacing of the active points of the surface; 
and the degree of unsaturation of catalyst atoms are variables which change 
with catalysts and each needs separate attention. A later paper with 
Millington (4) stressed the fact that the activity of a catalyst depended 
upon the molecular aggregation within the catalyst rather than on the 
catalyst itself. 

Hoover and Rideal (29) stated that the action of mixed dehydration 
and dehydrogenation catalysts was explicable on the theory of different 
active patches on the surface of the catalyst, each area possessing its 
characteristic and specific activity. It also seemed probable that both the 
orientation of surface atoms and the adsorptive power of the active patches 
played a part in the determination of the type of reaction which would 
proceed upon an active patch. Such a theory can be apparently sub- 
stantiated by the variation in the energies of activation for each reaction. 

The conception of active areas is not a new one and Russel and Marschner 
(53) employed this device in a study of a nickel catalyst. Such areas 
possessed various activities and it was suggested that the most active 
portions of a surface might adsorb poisons and decomposition would then 
proceed on the less active areas. It was further postulated that water in 
the reaction mixture would leave the active areas available for action 
and increase the activity of the catalyst. This brief review of some theories 
is not complete but these examples have been selected as indicative of the 
trend of the theoretical treatment of catalysis as indicated by studies of the 
catalytic decomposition of ethyl alcohol. 


Conclusion 


In this paper the present status of our knowledge of the catalytic de- 
composition of ethyl alcohol has been indicated. It is evident that the 
reactions are extremely complex and many products may be obtained, 
but in most cases the course of reaction may be predicted from the nature 
of the catalyst used. No effort has been made to make this a comprehen- 
sive review but as far as possible most of the important developments have 
been included. It is hoped that this arrangement will indicate leads for 
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further research and prove a concise summary for those having a limited 
knowledge of the field. 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 


(9) 


(10) 
(11) 
(12) 
(13) 
(14) 
(15) 
(16) 
(17) 
(18) 
(19) 
(20) 
(21) 
(22) 
(23) 
(24) 
(25) 
(26) 
(27) 
(28) 
(29) 
(30) 
(31) 
(32) 
(33) 
(34) 
(35) 
(36) 
(37) 
(38) 
(39) 
(40) 
(41) 
(42) 
(43) 
(44) 
(45) 


Literature Cited 


Apxins, J. Am. Chem. Soc., 44, 2175 (1922). 

ADKINS AND LaziER, ibid., 46,2291 (1924). 

ADKINS AND LaziER, tbid., 48, 1671 (1926). 

ADKINS AND MILLINGTON, ibid., 51, 2449 (1929). 

Atvarapo, ibid., 50, 790 (1928). 

ARMSTRONG AND Hitpitcu, Proc. Roy. Soc., 97A, 259 (1920). 
ARMSTRONG AND Hivpircu, ibid., 103A, 25 (1923). 


Bancrort, “First Report of the Committee on Contact Catalysis,” Ind. Eng. 


Chem., 14, 545 (1922). 

Bancrort, “Second Report of the Committee on Contact Catalysis,” J. Phys. 
Chem., 27, 801 (1923). 

BANCROFT AND GEORGE, ibid., 35, 2194 (1931). 

BiIscHOFF AND Apxkins, J. Am. Chem. Soc., 47, 814 (1925). 

BooMER AND Morris, Can. J. Res., 2, 384 (1930). 

BooMER AND Morris, ibid., 6, 471 (1932). 

BooMER AND Morris (to be published shortly). 

BoswELL AND Ditwortu, J. Phys. Chem., 29, 1489 (1925). 

BROWN AND RED, tbid., 28, 1077 (1924). 

CHAKRAVARTY AND GuosH, Chem. Abstracts, 20, 860 (1926); 22, 1085 (1928). 
CLarK, GRAHAM, AND WINTER, J. Am. Chem. Soc., 47, 2748 (1925). 
ConsTABLE, Proc. Roy. Soc., 107A, 270, 279 (1925). 

CONSTABLE, ibid., 108A, 355 (1925). 

ConsTABLE, Proc. Cambr. Phil. Soc., 23, 593 (1927). 

ConSTABLE, 1tbid., 24, 291 (1928). 

EHRENFELD, J. prakt. Chem. [2], 67, 49 (1903). 

ENGELDER, J. Phys. Chem., 21, 676 (1917). 

FROLICH, CARPENTER, AND Knox, J. Am. Chem. Soc., 52, 1565 (1930). 
GILFILLAN, ibid., 44, 1323 (1922). 

GREENE, Compt. rend., 86, 1140 (1878). 

Gricorerr, J. Russ. Phys.-Chem. Soc., 33, 173 (1901). 

Hoover AND RweEAL, J. Am. Chem. Soc., 49, 104 (1927). 


IpatiEv, Ber., 34, 1596, 3579 (1901); 35, 1047, 1057 (1902); 36, 1990, 2003 (1903). 


IpaTIEV, tbid., 37, 2961, 2986 (1904). 

IpatiEv, J. Russ. Phys.-Chem. Soc., 38, 75 (1906). 
IPATIEV AND KiIvuKvIN, Ber., 58B, 4 (1925). 
KNOEVENAGEL, J. prakt. Chem. [2], 89, 30 (1914). 
KRAMER AND REID, J. Am. Chem. Soc., 43, 880 (1921). 
LazIER AND ADKINS, J. Phys. Chem., 30, 895 (1926). 
MAILHE AND DE Gopon, Bull. soc. chim., 29, 101 (1921). 
Masson, Ann., 31, 63 (1839). 

MILLIGAN AND Rew, J: Am. Chem. Soc., 44, 202 (1922). 
Morris, unpublished results. 

Morris, Chem. Rev., 10, 465 (1932). 

Morris AND Boomer, Can. J. Res. (to be published shortly). 
Morris AND BooMeEr (submitted for publication). 
NoRTON AND Prescott, Am. Chem. J., 6, 241 (1884). 
PaGLianl, Gazz. chim. ital., 8, 101 (1878). 





bat] 
So 
= 


Pe EG LN arp RO ay Ce eee eg 
aA nn nari nn Q a on ~ ~ 
SHS SPSSSSSESEsy FRRPS BSEVSSsns 


Ss 
4 


Vou. 9, No. 10 DECOMPOSITION OF ETHYL ALCOHOL 


PALMER, Proc. Roy. Soc., 98A, 13 (1920); 101A, 175 (1922). 

PaLMER, ibid., 99A, 412 (1921). 

PALMER AND CONSTABLE, ibid., 107A, 255 (1924). 

PEASE AND YunG, J. Am. Chem. Soc., 46, 2397 (1924). 

RazuvaEv, Chem. Abstr., 24, 3750 (1930). 

REISET AND MILLon, Ann. chim. phys. [3], 8, 280 (1843). 

RIDEAL AND TayYLor, ‘‘Catalysis in Theory and Practice,’ Macmillan and Co., 
London, 1926, 357. 

RUSSEL AND Marscuner, J. Phys. Chem., 34, 2554 (1930). 

SABATIER AND MAILHE, Compt. rend., 146, 1376 (1908); 147, 16, 106 (1908). 
SABATIER AND MAILHE, tbid., 150, 823 (1910). 

SABATIER-REID, ‘‘Catalysis in Organic Chemistry,’ D. Van Nostrand Co., 
New York, 1923, Chaps. 14 and 15. 

Ibid., p. 53, 238. 

Ibid., p. 280. 

Ibid., p. 308. 

SABATIER AND SENDERENS, Compt. rend., 134, 514, 689 (1902). 

SABATIER AND SENDERENS, ibid., 136, 738 (1903). 

SENDERENS, ibid., 144, 381 (1907). 

SENDERENS, ibid., 148, 227 (1909); 146, 125 (1908). 

SENDERENS, tbid., 151, 392 (1910). 

Tay.Lor, ‘‘Fourth Report of the Committee on Contact Catalysis,” J. Phys. 
Chem., 30, 145 (1926). 

TAYLOR AND SICKMAN, J. Am. Chem. Soc., 54, 602 (1932). 

ViGNON, Compt. rend., 156, 1995 (1913); 157, 131 (1913). 

A. Wituiamson, J. Chem. Soc., 4, 106, 229, 350 (1852). 

A. T. WILLIAMSON AND TayLor, J. Am. Chem. Soc., 53, 3270 (1931). 





AN EARLY EXPERIMENT OF JAMES WOODHOUSE UPON THE 
SYNTHETIC PRODUCTION OF AMMONIA* 


C. A. BROWNE 


BUREAU OF CHEMISTRY AND SOILS, U. S. DEPARTMENT OF AGRICULTURE, 
WASHINGTON, D. C. 


On July 1, 1930, the writer spent a very interesting half day in examin- 
ing the autograph letters of prominent chemists in the famous Darmstadter 
Collection of the Preussische Staatsbibliothek in Berlin. This collection 
of letters, papers, manuscripts, and other documents is a perfect mine of 
biographic and historical information invaluable to the student of the 
history of chemistry. Here are found original communications in the 
handwriting of Thurneyser, Boyle, Becker, Lémery, Stahl, Black, Priestley, 
Scheele, Lavoisier, Fourcroy, Gay-Lussac, and hundreds of other noted 
chemists. These documents extend over a period of three centuries, and 
their complete perusal would require many days. 

One letter of this collection especially attracted the writer’s attention 
for it was indexed ‘‘Lettre de M. Woodhouse, Profes* de Chimie en 1’Uni- 
versité de (Pennsylvania) a MM les Redacteurs des Annales de Chimie.” 
The communication was in French and read as follows: 


Philadelphia, September 29, 1809. 


Messieurs: 

M’etant proposé d’analyser la suie j’ai exposé, dans un creuset 
couvert, pendant deux heures, 4 la chaleur d’un fourneau réver- 
bératoire, une livre de cette substance melée 4 deux onces de potasse. 

Le melange refroidi et placé sur une assiette, je versai dessus une 
petite quantité d’eau froide et le vis s'enflammer sur le champ. Pre- 
sumant qu’il se formoit de l’eau, j’aspirai le gas qui se degageait, et 
que je supposais devoir etre de l’hydrogene, mais je fus bien surpris 
de trouver que c’etait du gas alkalin. 

L’experience repetée avec du charbon donna le méme resultat. 
L’azote est un des elements de l’ammoniac, qui ne contient ni la 
potasse, ni l’eau ni le charbon; d’ou vient donc que le melange de ces 
substances a pu produire du gas ammoniac? 

Est ce une des parties constituantes de la potasse? ou bien cette 
derniere substance est elle un triple composé d’oxygene, d’azote, 
et de ce metal que le Professeur Davy vient de decouvrir? 

Quelquefois l’hydrogene qui s’éleve se combine avec l’azote contenu 
dans l’atmosphere et forme du gas ammoniac mais ce n’est pas la le 
cas dans mon experience. Car si l’on éteint au moyen d’eau le feu 
produit par le melange de potasse et de charbon et qu’immediatement 
aprés on le couvre d’une cloche renfermant de l’air atmospherique, 
la portion de gas oxigéné sera absorbée et l’azote demeura libre. 

signé James WoopHOUSE, 
Professeur de Chimie dans 1’ Université 
de Pennsylvania 


* Read before the Division of History of Chemistry of the American Chemical 
Society at New Orleans, March 30, 1932. 
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A photographic copy of the letter was procured from the librarian of 
the Staatsbibliothek through the kind offices of Mr. Loyd V. Steere, Agri- 
cultural Attaché of the American Embassy in Berlin. A comparison of the 
handwriting with that of an authentic letter of Woodhouse in the Edgar F. 
Smith Memorial Collection at the University of Pennsylvania, made by 
the curator, Miss Eva Armstrong, indicates that the French letter in the 
Darmstadter collection was not written by Woodhouse. This fact and 
the word signé prefixed to Woodhouse’s name at the end of the letter 
would seem to show that the letter is a French translation by an unknown 
person of an original letter by Woodhouse. Woodhouse died on June 4, 
1809, and as this is nearly four months earlier than the date of the French 
letter in the Darmstadter collection we are obliged to conclude either that 
a mistake had been made in the dating of the letter by the translator or 
that the translation was not made until after Woodhouse’s death. 

A search in the volumes of the Annales de Chimie for 1808 to 1812 in the 
library of the U. S. Department of Agriculture shows no reference to the 
communication of Woodhouse. The December issue of Nicholson's 
Journal of Natural Philosophy, Chemistry and the Arts for 1808 (Vol. XXI, 
p. 290) published, however, the original English letter of Woodhouse, of 
which the French letter in the Darmstadter collection is almost an exact 
translation. Woodhouse’s original letter, as published in Nicholson’s, 
is reproduced herewith. 

Account of an Experiment in which Potash calcined with Charcoal 
took Fire on the Addition of Water, and Ammoniacal Gas was 
produced. In a Letter from James Woodhouse, University of 
Philadelphia, &c. 

Philadelphia, Sept. 15, 1808. 

To the Editor of the Philosophical Journal. 

Sir: 

Having been engaged in the analysis of soot, I exposed half a pound 
of this substance in powder, mixed with two ounces of pearlash, in a 
covered crucible, to the intense heat of an air furnace, for two hours. 

When the mixture became cold, it was emptied upon a plate, and 
a small quantity of cold water poured upon it, when it immediately 
caught fire. Expecting there was a decomposition of water, I placed 
my nose over the mixture, in order to smell the hidrogen gas, which 
I supposed would be thrown off, but was astonished to find a dis- 
engagement of ammoniacal gas. 

The experiment was repeated with common charcoal, with exactly 
the same result. 

Azote is one of the component parts of ammonia. Now, as this 
base is not contained in either potash, water, or charcoal, whence 
did it arise, to form the ammoniacal gas? 

Is it one of the component parts of potash? or is this substance a 
triple compound, formed of oxigen, azote, and the peculiar metal, 
which Professor Davy has discovered? 
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Nascent hidrogen sometimes combines with the azotic portion of 
atmospheric air, and forms ammoniacal gas; but this is not the case 
in my experiment, for, if the fire of the mixture of charcoal and potash 
be extinguished by water, and it is then immediately placed under 
a bell glass containing atmospheric air, the oxigenous part will be 
absorbed, and the azotic air, will be left behind. 

No carbonic acid will be formed. 

I am, Sir, 
Your humble servant, 
JAMES WOODHOUSE 


It will be noted that the date of Woodhouse’s English letter is Sept. 15, 
1808, and it seems reasonable to believe that the French letter, which would 
naturally have been prepared at about the same time, should have been 
dated September 29, 1808, instead of September 29, 1809. 

In comparing the French translation with the English original several 
slight differences are noted. The quantity of soot specified in the French 
letter is given as one pound and in the English as half a pound. The 
words ‘“‘peculiar,’’ as applied to the metal which Davy discovered, and 
“nascent,”’ as applied to hydrogen, and the final sentence ‘‘No carbonic 
acid will be formed”’ of the English letter are omitted in the French trans- 
lation. These variations and the several misspellings of French words 
(such as reverbatoire instead of reverberatoire) indicate that the translation 
was hastily made and probably by a person who was not a chemist. 

A reference to this experiment, but without indication of the source of 
information, is contained on page 189 of Smith’s “‘James Woodhouse. A 
Pioneer in Chemistry 1770-1809,’ from which the following passage is 
quoted. 


It is remarkable that in the same year (1808) James Woodhouse 
observed, on exposing a half pound of soot in powder, mixed with two 
pounds of pearlash, in a covered crucible, to the intense heat of an 
iron-furnace, for two hours, that he got a mass which, when cold, was 
emptied upon a plate and when it was covered with a small quantity 
of cold water, ‘immediately caught fire.” In the course of his re- 
marks, relative to the behavior of the mass, he asked, ‘“‘could it be due 
to the peculiar metal, which Professor Davy has discovered?” Again 
he got the metal by employing potash. Here, then, in the New World 
was a student liberating potassium, by an entirely novel method, for 
it is certain that Woodhouse was unacquainted with the discoveries 
of Gay-Lussac and Thenard, and that of Curaudau. Their publica- 
tions could not have reached him at the time he reported his ex- 
periences. Nowhere in chemical literature is credit given Woodhouse 
for this discovery. Thomas Cooper who came out to America with 
Priestley, living with him for awhile, on one occasion wrote his son- 
in-law, Dr. Manners, of Philadelphia, that he knew of Woodhouse’s 
isolation of potassium. It may be argued that Woodhouse did not 
realize the significance of his experiment, and did not recognize his 





V 


—_—_—- —«—-& *4 -«- *». 


ee eee re hae oy ke es ay ee 








1932 


of 
se 


er 
€ 


15, 
uld 
een 


ral 
ich 
‘he 
nd 
1ic 


ds 
on 


of 


1S 











Vor. 9, No. 10 EARLY EXPERIMENT OF JAMES WOODHOUSE 1747 


potassium as such. If this was true at first, he did later certainly 
comprehend the problem in all its phases, and therefore deserves 
honor equally with Gay-Lussac, and Thenard, as well as with 


Curaudau. 


The description of Woodhouse’s experiment as given by Professor Smith 
differs in certain respects from that given by Woodhouse in his letter of 
Sept. 15, 1808, in Nicholson’s Journal. The amount of pearlash is given 
as two pounds instead of two ounces and an iron furnace is specified instead 
of an air furnace. It will also be noted that Woodhouse’s query about 
“the peculiar metal which Professor Davy has discovered” as given in his 
letter relates to a conjecture about the component parts of potash and not 
to the possibility of his having isolated potassium which is not hinted at in 
his discussion. Professor Smith no doubt had possession of other com- 
munications by Woodhouse relating to his experiment than the one con- 
tained in Nicholson’s Journal. 

In addition to these questions of bibliographic significance the letter of 
Woodhouse has an additional interest to the chemist from the fact that it 
describes an early experiment upon the fixation of atmospheric nitrogen and 
the synthetic production of ammonia. The fact that the fused mixture 
of pearlash (commercial potassium carbonate) and charcoal caught fire upon 
the addition of water indicates that metallic potassium was probably formed 
under the conditions of Woodhouse’s experiment—a type of reaction which 
has formed the basis of many processes for the production of this metal. 

As to the production of ammonia in the experiment, Woodhouse rejects 
the supposition that it could have been formed by the combination of 
nascent hydrogen (produced, as he may possibly have supposed, by the 
action of water upon metallic potassium) and atmospheric nitrogen, al- 
though it is doubtful if the method which he employed to demonstrate 
this was sufficiently accurate to permit his drawing such a conclusion. 
Because of these and other uncertainties it appeared to the writer that a 
repetition of Woodhouse’s experiment under more carefully controlled 
conditions would throw some light upon the mechanism of the chemical 
processes involved. This repetition has been kindly performed by Katha- 
rine S. Love and P. H. Emmett of the Fixed Nitrogen Laboratory of the 
U. S. Bureau of Chemistry and Soils. The results of their investigation, 
as given in the following paper, will be of interest not only to students of 
the history of chemistry in America but also to those who are occupied 
with the problems of nitrogen fixation. 


ah 





REPETITION OF EXPERIMENTS REPORTED BY JAMES 
WOODHOUSE IN 1808 RELATIVE TO THE PRODUCTION OF 
AMMONIA* 


KATHARINE S. LOVE AND P. H. EMMETT 


FERTILIZER AND FIXED NITROGEN INVESTIGATIONS, U. S. DEPARTMENT OF 
AGRICULTURE, WASHINGTON, D. C. 


In a letter of September 15, 1808, written by James Woodhouse, Professor 
of Chemistry at the University of Pennsylvania, to Nicholson’s Journal of 
Natural Philosophy, a general description of his experiment in which am- 
monia was obtained by adding water to a mixture of soot and ‘“‘pearlash” 

that had been heated in air to a high 
temperature is given. In the follow- 
ing semi-quantitative experiments an 
attempt has been made to ascertain 
whether the ammonia obtained by 
him was produced by the reaction of 
water with some nitrogen compounds 
formed during the heating of the 
soot and ‘‘pearlash”’ in air or was due 
to impurities in his raw materials. 
In at least three respects, however, 
the present attempted repetitions of 
his work may differ from his original 
experiment. 

1. In the present work the raw 
materials used were willow charcoal, 
c.p. KOH, and c.p. K.CO3. The 
charcoal was found to contain not 

1770-1809 more than 0.042% nitrogen and the 

Professor of chemistry in the Medi: KOH not more than 0.003%. The 

sad soe cm ~o yd of Pennsyl- K,CO; was not analyzed. In the 
experiments of Woodhouse unana- 
lyzed soot and pearlash (probably K,CO;) were employed. 

2. The material of the crucible used by Woodhouse was not specified. It 
seems probable that it wasclay. Inexperiment No. 1 belowa crucible of this 
type was used. In the last four experiments the containers were porcelain. 

3. The temperature to which the furnace was heated in the experiments 
reported in Woodhouse’s original letter is uncertain. As a matter of con- 
venience a furnace operating at about 1000°C. was used in the first two of 
the present experiments; in the other three a porcelain tube containing 
boats of the reaction mixture was heated in a split furnace to a temperature 
estimated to be between 800° and 1000°C. 


JAMES WOODHOUSE 


* Read before the Division of History of Chemistry of the American Chemical 


Society at New Orleans, March 30, 1932. 
1748 
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Description of Experiments 


Experiment No.1. Thirteen grams of KOH and 13 grams of carbon were 
placed in a covered clay crucible and heated in an electric muffle furnace for 
two hours at about 1000°C. The crucible was then allowed to cool partly 
in air. During the cooling process a strong odor of ammonia became ap- 
parent. The crucible was uncovered and placed in a glass cylinder so fitted 
as to permit both the addition of small quantities of water to the crucible 
contents and at the same time the flushing of the evolved gases into an 
absorption bottle by a stream of nitrogen. When the glass cylinder had 
cooled to about 40°C. water was dropped slowly upon the contents of the 
crucible. There was no sign of free potassium in this or any of the other 
experiments performed. After an hour the contents of the crucible were 
analyzed for KCN; the absorbing solution was analyzed for ammonia. 
The results are shown in Table I. 

Experiment No. 2. Experiment No. 1 was repeated except that a porce- 
lain crucible was used instead of a clay crucible. Furthermore, in this 
experiment the crucible was removed from the furnace after the heating 
period and placed in a P:O;-dried desiccator over night before water was 
added and the evolved gas was flushed through an absorption bottle. 
Again the contents of the crucible were analyzed for KCN and the ab- 
sorbing solution for ammonia. 

Experiment No. 3. A small porcelain boat containing 6.5 grams of KOH 
and 1.5 grams of carbon was placed in a long porcelain tube. Dry nitrogen 
was passed through the tube while the latter was kept for 1.5 hours in an 
electric split furnace at a temperature of 800-1000°C. When the porcelain 
tube was again cool a little HyO was blown into its exit end. No indication 
of metallic K was obtained. Moist nitrogen was then passed over the 
cooled sample and through an absorbing solution. Analysis of the solution 
for ammonia and the crucible contents for KCN was carried out as before. 


TABLE I 
Nilrogen 
Nilrogen Remaining Nitrogen 
in in Crucible in 
Evolved Contents Original Weight of Reactants 
Expt. Ammonia as KCN Materials (Grams) 
No. (Grams) (Grams) (Grams) Charcoal Alkali Method of Adding H20 
1 0.01381 0.0879 0.0059 13 13 (KOH) Liquid water added to 
partly cooled sample 
2 0.0084 0.1742 0.0050 11 11 (KOH) Liquid water added to 
cold sample 
3 0.0001 0.0086 0.0008 1'/ 61/2 (KOH) H.O vapor in Nz passed 


over cold sample 
3 (KOH)  H,0O vapor in N» passed 
over hot sample 
5 0.0268 0.0030 0.0018 4 4  (K2CO3) H:2O vapor in Ne passed 
over hot sample 


Oo 


+ 0.0399 0.0007 0.0014 
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Experiment No. 4. Experiment No. 3 was repeated except that equal 
weights of C and KOH were used and that the final products in the reaction 
tube were treated with moist nitrogen while being heated to several hun- 
dred degrees C. 

Experiment No. 5 was a duplicate of experiment No. 4 except that K,CO; 
was used instead of KOH. 

The results of all five experiments are summarized in Table I. 


Discussion and Conclusions 


Potassium carbonate when mixed with carbon and heated to about 
1000°C. is known to react with nitrogen forming KCN. The reaction can 
be expressed by the equation: 


K2CO; + Nz + 4C = 2KCN + 3CO (1) 


Furthermore, hot KCN will react with water vapor probably according to 


the equation: 
KCN + 2H,0 = NH; + KCOOH (2) 


The results of the five experiments described above are all consistent with 
and can be completely accounted for by these two reactions. Both KCN 
and NH; were formed. Furthermore, the instances in which the ignited 
mixture of KOH or KeCO; and C were heated while being treated with 
water resulted in almost complete conversion of the KCN into NH;. This 
was the case in experiments No. 4 and No. 5. 

In these experiments, unlike those of Woodhouse, no evidence of the 
formation of free potassium was obtained. This might easily have been 
due to some detail of technic that differed from that employed by Wood- 
house. It is of course well known that under proper conditions the reduc- 
tion of potash to metallic K by C does take place. However, since metallic 
potassium is reported not to combine with free nitrogen it is very improba- 
ble that any of the ammonia evolved in the present experiments was 
formed in the hydrolysis of a nitride of potassium. In view of this proba- 
ble inertness of nitrogen and K it was not considered worth while to con- 
tinue the experiments in an endeavor to form metallic K on heating the 
KOH and C. 

It may be concluded that the ammonia detected by Woodhouse could 
have been produced by the action of water on some KCN formed by reac- 
tion (1) above. The heat necessary to raise the KCN to a temperature at 
which it would be capable of reacting readily with water was probably fur- 
nished in his experiments by the exothermic reaction of water and metallic 
potassium that was apparently present. His work seems to be an early 
illustration of the fixation of nitrogen by the cyanide process. 





THE DISCOVERY OF THE ELEMENTS. XVI. THE RARE 


EARTH ELEMENTS* 


Mary ELVIRA WEEKS, THE UNIVERSITY OF KANSAS, LAWRENCE, KANSAS 


The rare earths are so very much alike and occur closely associated in such 
very complex minerals that it is extremely difficult to separate them. They 
have all been obtained, however, by elaborate and laborious fractionation of two 
mixtures, the ‘‘yttria’”’ of Gadolin and the ‘‘ceria’’ of Klaproth, Berzelius, and 
Hisinger, originally believed by their discoverers to be pure oxides. The 
patient researches of Mosander, Delafontaine, Marignac, Cleve, Boisbaudran, 
Urbain, Charles James, and many others 
finally resulted in the decomposition of 
the so-called ‘‘yttria’”’ into the oxides 
now known as yttria, terbia, erbia, 
ytterbia, lutecta, holmia, thulia, and 
dysprosia. Through the persistent and 


skilful work of Mosander, Marignac, 
Boisbaudran, Brauner, Auer von Wels- 
bach, Demarcgay, Hopkins, and others, 
the old ‘‘ceria’”’ has finally been broken 
down into the oxides ceria, lanthana, 
neodymia, praseodymia, samaria, gado- 
linia, europia, and illinia.t 


Some of 
the rare earth elements have never been 
isolated, and most of them are extremely 
rare and costly even in the form of their 
compounds. 


JOHANN GADOLIN 
1760-1852 


The rare earths perplex us in our 
researches, baffle us in our specu- 
lations, and haunt us in our very 
dreams. They stretch like an un- 
known sea before us, mocking, 
mystifying, and murmuring strange 


Professor of chemistry at the Uni- 
versity of Abo, Finland. Discoverer 
of the complex earth ‘“‘yttria,’”’ which 
afterward yielded an entire series of 
simple oxides. He made a thorough 
study of the rare earth minerals from 


revelations and possibilities (1). Ytterby, Sweden. 


Rich stores of the rare earth minerals lay hidden for centuries in the 
Scandinavian peninsula until, one day in 1788, Lieutenant Arrhenius found 
an unusual black rock at Ytterby, a little town near Stockholm (22).- 
The rare earths were afterward discovered in this new mineral by the 
famous Finnish scientist, Johann Gadolin. 

He was born at Abo near Helsingfors (Helsinki) on June 5, 1760. His 
father, Jacob Gadolin, a well-known astronomer and physicist, taught him 
to love and understand Nature. After completing his course at the Uni- 

* Tllustrations collected by F. B. Dains of The University of Kansas. 
t The discovery of illinium will be discussed in Part XX. 
1751 
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Azo, FINLAND, IN 1823 


Johann Gadolin, the discoverer of the first rare earths, was born in Abo, and served 
there for twenty-five years as professor of chemistry. 


versity of Abo, he studied under Bergman at Upsala, and acquired a broad 
education through travel in Denmark, Germany, Holland, and England 
(43). In 1794 Gadolin investigated the mineral Lieutenant Arrhenius had 
found at Ytterby, and found that it contained about 38 per cent. of a 
new earth. Ekeberg soon confirmed the analysis (40), (41), and mineralo- 
gists afterward named the mineral gadolinite in honor of the Finnish 
chemist. 

Gadolin served the University of Abo as a professor of chemistry for 
twenty-five years (1797-1822), and during this time he made a thorough 
study of the wonderful Ytterby minerals. He also studied fluxes for de- 
composing iron ores for analytical purposes, made contributions to thermo- 
chemistry, helped solve the questions of chemical proportions and chemical 
affinity, and published the first Swedish textbook that embraced Lavoisier’s 
views (43). 

He lived for thirty years after his retirement, and died at Wirmo, Finland, 
on August 15, 1852, at the fine old age of ninety-two years. In 1827 the 
city of Abo and the university buildings-were destroyed by fire, and Gado- 
lin’s valuable mineral collections were lost. The University was then 
transferred to Helsingfors (2). 
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Yttria and Ceria 


Ekeberg (40), (41), Klaproth, and 
Vauquelin all investigated Gadolin’s 
new oxide, and it came to be called 
yltria, a name derived from Ytterby. 
In 1803 Klaproth discovered in the 
mineral cerite another earth which he 
called ‘“‘terre ochroite,’’ but which is 
now known as ceria.t_ Berzelius and 
Hisinger also discovered ceria inde- 
pendently, but upon further investi- 
gation neither their yttria nor their 
ceria proved to be a pure oxide (3). 


Lanthana and Didymia 


The proof of the complexity of ceria 
and yttria was given by Carl Gustav 
Mosander, one of Berzelius’ assis- 


THE DISCOVERY OF THE ELEMENTS. XVI 





Cart Gustav MOSANDER* 
1797-1858 


Swedish army surgeon, chemist, and 


mineralogist. Curator of the mineral 
collections at the Stockholm Academy 


tants. He was born at Kalmar on Sep- 
tember 10, 1797, was educated as a 
pharmacist and physician, and served 
for some time as an army surgeon 
(4). For many years he lived in the 
same house with Berzelius, and his wife, who was of Dutch ancestry, helped ' 
Berzelius to acquire a reading knowledge of that language (5). When the 
Stockholm Academy of Sciences moved into its magnificent new ‘‘palace,”’ 
as Berzelius called it, Mosander became curator of the mineral collections, 
and was given an apartment adjoining them. He also had charge of the 
chemical laboratory for medical students at the Caroline Institute, where 
he served as professor of chemistry and mineralogy for many years. 

He and Wohler often used to go on long tramps together during the 
latter's memorable months at Stockholm, and Mosander helped his Ger- 
man friend prepare a valuable mineral collection to take back to his father- 
land. Berzelius’ letters to Wohler contain frequent references to Mo- 
sander under the affectionate nickname ‘‘Pater Moses.’’ On October 12 
1824, for example, Berzelius wrote, 


of Sciences. Professor of chemistry 
and mineralogy at the Caroline In- 
stitute. Discoverer of lanthana and 
didymia. The latter earth was after- 
ward split by Auer von Welsbach into 
praseodymia and neodymia. 























Now here I am alone, chemically deserted. Pater Moses is now 
working for his examination, Hisinger has not yet returned, and 
Arfvedson, who was recently married, is anchored to his bride... . 


* Reproduced from H. G. Séderbaum’s ‘“‘Jac. Berzelius-Levnadsteckning” by kind 
permission of Dr. Séderbaum. 
} See Part XI, J. Cuem. Epuc., 9, 1237-40 (July, 1932). 
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KALMAR, SWEDEN 
C. G. Mosander, the discoverer of lanthanum and didymium, was born in Kalmar, 
and A. G. Ekeberg, the discoverer of tantalum, attended the elementary school there 
for a time. 


However, my time is spent as usual in a certain pleasant monotony 
and in moving back and forth between the writing desk and the 
laboratory, where I am still busy with trifles, for example with the 
completion of the works begun on the preparation of lithia, yttria, 
and zirconia... . 


In November of the same year he wrote again, 


A thousand, thousand thanks for the interesting letter and for 
the beautiful minerals, which I arranged in their proper places several 
days ago. Father Moses thanks you no less than do I. I cannot 
accustom myself to the thought of no longer finding Wohler at his desk 
in the laboratory, and even though I prefer to see Moses’ face there 
rather than none at all, yet the loss by the deception is too great... . 


It may be assumed that Mosander passed his examinations successfully, 
for on July 15, 1825, Wohler wrote to his Swedish master, ‘‘Moses heisst 
wohl jetzt Hr. Doctor Pater Moses, wozu ich gratulire’’*(6). 

In 1839 Mosander heated some cerium nitrate and treated the partly 
decomposed salt with dilute nitric acid. In the extract he found a new 
earth, which he named /anthana, meaning hidden, meanwhile retaining the 


* “Moses may now be called Herr Doctor Father Moses, wherefore I offer con- 
gratulations.”’ 
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old name, ceria, for the oxide which is insoluble in dilute nitric acid (7), 
(28), (45). In the same year, Erdmann, one of Sefstrém’s students, dis- 
covered lanthana in a new Norwegian mineral, which he named mosandrite 


in honor of Mosander. 
On February Ist Berzelius wrote to Wohler: 


It is completely confirmed. When I showed Erdmann’s little 
specimen to Mosander, he announced that he, too, had found some- 
thing new in cerite. Although we see each other every day, he had 
never breathed a word of it to me.. .I do not think that during 
the month when I was ill, Mo- 
sander did any work on his earth. 

I almost surmise that he thought, 
“Let Berzelius worry about it; 
I shall then be free from a lot of 
drudgery.” A few days ago he 
began again. At first he let it 
be understood that what Hisinger 
and I had called cerium was a 
mixture of two oxides, neither of 
which possessed the properties 
of the mixture. ...I have now 
studied pure ceric oxide and 
found that addition of the earth 
does not change any of its prop- 
erties. If this were not the case, 
the discovery of the earth would 
have occurred before Mosander 


. Mosander would not tell Jonan Abeeie kiardemeon* 


me what he expects to name his 
newearth. The communications 
I am now making are for you 
alone. You must not publish 
anything about them. . . 


1792-1841 
Metallurgist, chemist, and mineralo- 
gist. The discoverer of lithium. He 
studied the action of hydrogen on 
metallic sulfides, and in 1823, by 
heating the green oxide of uranium in 
a current of hydrogen, he prepared 


uranous oxide, UOs, which he believed 
to be the metal. He studied under 
Berzelius. (The spelling Arfvedson 
appears frequently in the literature.) 
See Part IX of this series of articles. 


On February 12 he wrote, ‘‘Mo- 
sander seems willing to take my sug- 
gestion to name it (the element) 
lanthanum (lanthan) and the oxide, 
lanthanum oxide or lanthana (lanthanerde)’’ (8). 

Months passed by, and on June 18th Berzelius wrote again to Wohler: 


I can give you no news from Mosander. For a long time he has 
not worked at the continuation of his experiments, and he no longer 
makes any mention of what he is finding, not so much from reserve 
as because he is not doing anything; but he has his mineral-water 
establishment to manage, so that he really has very little time. . 


* Reproduced from H. G. Séderbaum’s ‘‘Jac. Berzelius-Levnadsteckning” by kind 
permission of Dr. Séderbaum. 
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; ; o aeeaaane: Sa 
Edgar Fahs Smith Memorial Collection, 
University of Pennsylvania 
AUTOGRAPH LETTER OF C. G. MOSANDER 


His script is almost illegible, but the following is an approximate translation:* 
“Stockholm, Nov. 5, 1841. Dear Brother: Especially great thanks to you for all 
your trouble with my specimens. The expense I have the honor to include is . . . (amount 
illegible), as nearly as I can estimate it. The account is enclosed. Would you please 
receipt it? Once again many thanks to you for all your trouble. Many greetings to 
Westring. Respectfully and cordially, C. G. Mosander. P.S. Coarse filter paper 
Costs...” 


If you write to Mosander yourself, you will probably receive some- 
thing from him for the Amnalen. 


Wohler waited patiently for several months, and then wrote on February 
25, 1840, ‘“The chemical world cannot understand why Mosander has not 
yet published anything on lanthanum,’ Two years later Berzelius wrote, 


* The writer is deeply grateful to Miss Mary Larson of the Zodlogy Department at 
The University of Kansas and to Mr. Einar Bourman for the translations from the 
Swedish and for assistance in securing Swedish illustrations. 
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“Mosander still keeps work- 
ing at his lanthanum, but 
says very little about it. 
Meanwhile I have learned 
enough to know that more 
depends on it than had been 


supposed.” 
On May 13, 1842, Berzelius 
again broached the subject a 
to Mosander. To use his Courtesy Central Scientific Co. 
own words: Dipymium Gass GoGGLEs 
A special glass containing didymium is now used 
I suggested to Father to protect the eyes of the glass blower. It trans- 
Moses that we soon have mits all light except the yellow glare from the 
z Soe the hot sodium glass. See “Goggles for Precision 
a paper on cerium lor tne Glass Blowing,” J. Cuem. Epuc., 9, 214 (Feb., 
Annalen. He laughed 1932). 


rather scornfully, went 
down into his laboratory, for he 


lives in the house of the Academy, 
and brought up a mortar half full 
of a white, slightly yellowish 
powder, and asked, “What is 
that?’ I admitted my ignorance. 
“That, Sir,” he said, ‘is the way 
ceric oxide looks when one has it 
pure. It hascost mea year’s work 
to get that far.” He added that 
he was not going to publish any 
of his results until he had them 
completely finished. Although 
he comes up nearly every morning 
tochat with mea while, and usually 
complains about the difficulties 
which keep him from getting pure 
preparations, he tells me nothing 
about his real results, and I am 
satisfied, for it will be all the more 
interesting when one gets them 
all at once (9). 





Marc DELAFONTAINE 


He made extensive investigations of 
the rare earths and stated in 1878 that 
the didymium in cerite is probably a In 1841 Mosander had treated lan- 
mixture. His publications extend over : : ee ‘ 

a period of more than forty years thana with dilute nitric acid, and had 
(1863-1905), the early ones appearing extracted from it a new rose-colored 
in the Swiss, French, and German z x 4 
journals, and the later ones in Chemi- oxide, which he believed contained a 
cal News and the Journal of the 

American Chemical Society. His labo- wen element. He. named. the — 
ratory in Chicago was destroyed by metal didymium because, as he said, it 
the great fire, and he taught fora num- seemed to be “an inseparable twin 


ber of years in the South Division 
High School of that city. _brother of lanthanum”’ (27), (46). 
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Wohler objected to this name because Didym, the German form of it, 
sounds rather childish and silly, ‘etwas Kindisches, etwas Lappisches,” 
Berzelius replied in Mosander’s defense, 


No, my dear friend, I have no liking for this name, and yet I do not 
want to, and cannot, ask Mosander to change it, since he has an- 
nounced it publicly. You surely do not understand our friend 
Father Moses. He takes suggestions from no one. The proposal 
to change a name given by him would be an offense which he would 

not easily pardon, and still he 
would not change it. He inten- 
tionally looked for a name be- 
ginning with D in order to have 
a symbol unlike those for other 
metals. To be sure, it is quite 
true, as you say, that the repeti- 
tion of the same consonants, and 
of almost the same vowel sounds, 
has an unpleasant sound; but 
one soon gets accustomed to it, 
and finds it endurable, and you 
must do the same. 


Berzelius then mentioned a number 


of accepted organic names which 
sound much worse than ‘“Didym” 
(10). Didymia was regarded as a 
pure earth until 1885, when the late 
Auer von Welsbach decomposed it. 


JEAN CHARLES GALISSARD 
DE Maricnac, 1817-1894 


Swiss chemist who discovered ytter- Yttria, Erbia, and Terbia 

bia and gadolinia, and made many 

important contributions to the chemis- : > igi- 
try of the rare earths. Professor of Having shown that the earth - 

chemistry at the University of Geneva. nally called ceria was composed of an 
He made precise determinations of the —_ insoluble portion, ceria, and a soluble 
atomic weights of many elements, and, S , j 
by separating tantalic and columbic portion, /anthana, Mosander investi- 
acids, proved that tantalum and colum- gated yttria in a similar manner (7). 


bium (niobium) are not identical. In 1843 he showed that yttria from 
which all the ceria, lanthana, and didymia have been removed contains 
at least three other earths. These are: a colorless oxide, for which he 
kept the name yéiria; a yellow earth, erbia; and a rose-colored one, ferbia. 
He separated them by fractional precipitation with ammonium hydroxide. 
Erbia, the least basic of the three, separated in the first fractions, while 
yttria, the most basic one, was found in the last fractions (23). 
Mosander’s work was confirmed by Delafontaine, Marignac, J. Lawrence 
Smith, Cleve, and Boisbaudran, but, for some reason, a confusing shift of 
names occurred. The names erbia and terbia were interchanged, so that the 
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former now applies to the rose-colored oxide (3). The names of the four 
elements, yttrium, ytterbium, erbium, and terbium, have all been derived, by 
the way, from that of the little Swedish town, Ytterby, where the rare 
earth minerals were first found. 

Before closing this brief account of Mosander’s work, it seems fitting 
to reflect for a moment over his sincere tribute to his honored teacher. 
On April 18, 1848, he wrote regarding a translation of Berzelius’ textbook: 


My dear Wohler: In this case 
as always, I follow the irresisti- 
ble impulse of my heart to say 
openly what I believe to be right; 
you may once more test it, and 
then judge, and I am convinced 
that you will appreciate the truth 
of what I have to say. The 
great master will perhaps soon 
pass into another world, but by 
us and our successors his name 
will long be honored and loved, 
and what he has accomplished 
here—that you know as well as 
I do—was not done for the sake 
of vainglory, but out of pure zeal 
for truth and enlightenment, and 
the motive for his researches has 
always sprung from a pure source ; 
then shall the right of defending 
Science and himself, ere his life 
is extinguished, be denied him in 





Edgar Fahs Smith Memorial Collection. 
University of Pennsylvania 


J. LAWRENCE SMITH 


the last moment when he could 1818-1883 
devote his undiminished mental : : . 

h . f Sci > American mineralogical and 
powers to the Service OF ocience: analytical chemist. His method of 
Impossible. .... Literal trans- decomposing ores which are to be 
lation or none (11). analyzed for sodium and potassium is 


still the standard procedure. He in- 
: vestigated the rare earths in samar- 
Berzelius died at Stockholm on skite and verified Mosander’s conclu- 


August 7, 1848. His mind remained sions regarding the complex nature of 
‘ ; yttria. 

clear until the end, but during the 

last six days he lay half asleep, and spoke no more. Mosander died ten 

years later, on October 15, 1858, at Angsholm near Drottningholm (4). 


Erbia, Ytterbia, and Scandia 


In 1878 the Swiss chemist Marignac discovered that erbia contained a 
new earth which he called yiterbia (21). Jean Charles Galissard de Ma- 
rignac, a descendant of a Huguenot family that had fled from Languedoc at 
the end of the seventeenth century, was born in Geneva on April 24, 1817. 
When he was sixteen years old, he entered the Ecole Polytechnique at 
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He also spent two profitable years at the School of Mines, and 
then rounded off his education by 
traveling through Scandinavia and 
Germany. In 1840 he went to 
Giessen to study under Liebig, but, 
in spite of the latter’s influence, he 
preferred inorganic chemistry to or- 
ganic. 

Marignac’s life work, which, like 
that of Stas, consisted in making 
many precise determinations of 
atomic weights in order to test Prout’s 
hypothesis, won Berzelius’ sincerest 
praise, for he wrote, 


I place the highest value on 
your experiments concerning 





PORTRAIT OF BERZELIUS FROM A 
DAGUERREOTYPE TAKEN IN BERLIN 
IN 1845, THREE YEARS BEFORE His 
DeEaTtu* 


atomic weights. The patience 
with which you repeat each ex- 
periment a large number of times, 
the sagacity with which you vary 
your methods, making use only 
of those which can give reliable 
results, and the conscientious 
manner in which you give the 
numbers dictated by the balance 
ought to assure for you the com- 
plete confidence of chemists (44). 





After working for a time at the 
Sévres porcelain works, Marignac re- ‘3 
turned to Switzerland to accept a 

ee BetTy BERZELIUS F. POPPIUS 

modest position as professor of chem- (Baroness BERZELIUS),* 1811-1884 
istry at the Geneva Academy. From Danehies of steak eommeleg a 
1845 to 1878 he taught both chem- Poppius. When she married Berzelius 
istry and mineralogy, and carried on ‘7 1885 he png ti — of great 
. . renown, an e baronetcy was con- 
his researches in a damp, dark cellar. feoeed, cnt tisk ot tee ‘eediin. 
During the last ten years of his Part VI of this series of articles. 








* Reproduced from H. G. Séderbaum’s “Jac. Berzelius-Levnadsteckning” by 
kind permission of Dr. Séderbaum. 
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life, he lay prostrate, suffering intensely from a disease of the heart, from 
which death finally brought release on April 15, 1894 (12). 

He began his study of the rare earths in 1840, when he was barely twenty- 
three years old. According to P. T. Cleve, “‘Marignac’s work on the rare 
earths is undoubtedly the most important in this particular department of 
chemistry” (13). In 1878 Marignac heated some erbium nitrate obtained 
from gadolinite until it decomposed. When he extracted the resulting 
mass with water, he obtained two oxides: a red one, for which he retained 
the name erbia, and a colorless one, which he named yiterbia (13). In the 
following year Nilson isolated the 
earth scandia,* the oxide of Mende- 
léeff’s predicted ekaboron, from 
ytterbia. 


Erbia, Holmia, and Thulia 


The erbia left after the removal of 
ytterbia and scandia was still further 
resolved by Per Theodor Cleve, who 
was born on February 10, 1840. He 
was the thirteenth child of a Stock- 
holm merchant. After graduating 
from the University of Upsala in 
1863, he studied for a time in Wurtz’s 
laboratory in Paris, and in 1874 he 
became a professor at Upsala. True 
lover of Nature that he was, he 
could never confine his activities P. T CLeve 
closely to one branch of science, 1840-1905 
but was interested alike in chem- Swedish chemist, geologist, botanist, 
istry, geology, botany, and hydrog- and hydrographer. Professor of chem- 

: istry at Upsala. Discoverer of thulium 
raphy. He not only wrote his and independent discoverer of holmium. 
scientific papers in a lucid, pleasing 
style, but also produced literature of esthetic value (14). 

Cleve’s fame rests chiefly, however, on his discoveries among the rare 
earths. After obtaining some erbia, from which all the ytterbia and scandia 
had been removed, and after noticing that the atomic weight of the erbium 
was not constant, he succeeded in resolving the earth into three constitu- 
ents: erbia, holmia, and thulia (21). The absorption bands of holmium 
had been noticed a short time previously by J. L. Soret, who had announced 
the existence of an ‘‘element X,”’ later found to be identical with Cleve’s 
holmium (35). Since Cleve was an independent discoverer of the element 


*See Part XV. 
} For additional biographical notes on Cleve, see J. CEM. Epuc., 7, 2698 (Nov., 1930). 
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INTERIOR CouRT oF A GERMAN BAKER’S HousE. BERZELIUS’ LABORATORY AT 
THE RiGcHT* 


holmium, his name for it has been accepted by chemists (14), (36). Hol- 
mium was named for Cleve’s native city, and the word thulium is derived 
from Thule, an old name for Scandinavia. 

In spite of his devotion to organic and inorganic chemistry, Cleve 
never lost interest in biology. During his later years he made an extended 
study of the plankton of Skagerak and the North Sea, especially of the 
fresh-water algae and diatoms, in order to locate the ocean currents. 

Although he found little time to mingle with his colleagues, he enjoyed 
an occasional happy, social evening with his family and friends. Hans 
and Astrid Euler said of him, “‘His merry irony played upon all those for 
whom unyielding principles and passionateness caused unnecessary trouble, 
and upon scientific pedantry no less than upon religious and social preju- 
dice; he himself was liberal in the broadest sense of the word, and un- 
yielding only in his rectitude.’ He retired from teaching at the age of 
sixty-five years, hoping to devote the rest of his life to the study of plank- 
ton. He died a few months later, however, on June 18, 1905, after severe 
suffering with pleuritis (14). 

* Reproduced from H. G. Séderbaum’s ‘“‘Jac. Berzelius-Levnadsteckning’’ by kind 
permission of Dr. Séderbaum. 
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Samaria and Gadolinia 


Marignac believed as early as 1853 
that Mosander’s didymia was not a 
pure substance, and later spectro- 
scopic work of Delafontaine and of 
Boisbaudran indicated that the spec- 
trum of didymia varied according to 
its source. Boisbaudran in 1879 
added ammonium hydroxide to a 
solution of it, and noticed that an- 
other earth precipitated before the 
didymia. Since the spectrum of this 
new oxide was found to be different 
from that of didymia, Boisbaudran 
concluded that it must be a new earth, 
which he named samaria (26), (27). 
In 1886 he obtained from it still an- 
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BARON AUER VON WELSBACH 
1858-1929 


Austrian chemist and chemical tech- 
nologist. Discoverer of praseodymium 
and neodymium. Inventor of the 
Welsbach gas mantle, the osmium 
filament electric lamp, and the auto- 
matic gas lighter. 











PORTRAIT OF JONS JACOB BERZELIUS* 
(1779-1848) 
FROM A PAINTING BY J. WAY 
Berzelius was an independent dis- 
coverer of the earth “ceria” and much 
of the early research on the rare earths 
was done in his laboratory. 


other earth, which, however, proved 
to be identical with the substance 
which Marignac had separated from 
samarskite in 1880, and to which he 
had given the provisional name Y, 
(3). With Marignac’s assent, Bois- 
baudran named this oxide gadolinia 
(34). Both these earths were named 
for minerals in which they occur, 
samarskite and gadolinite. 


Neodymia and Praseodymia 


Marignac, Lecoq de Boisbaudran, 
Cleve, and Bohuslav Brauner all be- 
lieved didymium to be a mixture of 
elements, but none of them were able 
to make the difficult separation (49). 
In 1882 Professor Bohuslav Brauner 


* Reproduced from H. G. Séderbaum’s “Jac. Berzelius-Levnadsteckning” by kind 


permission of Dr. Séderbaum. 
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A RECONSTRUCTION OF BERZELIUS’ BIRTHPLACE AT WAFVERSUNDA (VAVERSUNDA), 
SWEDEN, SHOWING THE BUILDINGS AS THEY APPEARED IN His TimMe* 


of the University of Prague examined some of his didymia fractions with 
the spectroscope and found a group of absorption bands in the blue region 
(X = 449-443) and another group in the yellow region (A = 590-568) (58). 
These two groups of bands are now known to belong to two earths, praseo- 
dymia and neodymia, respectively, which the late Baron Auer von Welsbach 
obtained in 1885 by splitting didymia (3), (30), (32). 

Carl Auer, Baron von Welsbach, was born on September 1, 1858, at 
Vienna (4). After completing the courses at the gymnasium and Polytech- 
nicum of his native city, he went to Heidelberg to study under Bunsen. 
The quiet, industrious, unsociable boy from Austria soon became a favorite 
of the great German master. Auer was deeply interested in inorganic 
chemistry, and especially in minerals. The rare earth minerals of the north 
attracted him so much that he began to search for specimens. Although 
the first little collection that he showed to Bunsen would not have filled 
a child’s hand, Bunsen laughingly told him to begin his investigation (16). 
Carl Auer’s researches on the rare earths which were begun in this modest 
manner at Heidelberg, were continued for the rest of his life. 

On June 18, 1885, he announced to the Vienna Academy of Sciences that 
by repeated fractionation of ammonium didymium nitrate he had succeeded 
in splitting didymia into two earths, for which he proposed the names 
praseodymia and neodymia, green didymia and new didymia. Many chem- 
ists were skeptical, and he afterward said, ‘‘Only Bunsen, to whom I first 

* Reproduced from H. G. Séderbaum’s “Jac. Berzelius-Levnadsteckning” by kind 
permission of Dr. Séderbaum. 
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showed the discovery, recognized immediately that a splitting of didymium 
had actually been accomplished. This acknowledgment from Bunsen, who 
had, as is known, published very beautiful and comprehensive researches on 
didymium, showed how unselfishly this great investigator used to judge 
the researches of younger men” (16). Neodymia and praseodymia have 
never been decomposed into simpler oxides. 

Baron Auer is best remembered for his invention of the incandescent 
gas mantle, a truly great advance in the history of illumination (55). In- 
stead of attempting to produce a gas which would burn with a luminous 
flame, he decided to use a non-luminous flame to heat a refractory mantle 
to incandescence. The problem, as he said, ‘‘was not to find a process by 
which an infusible compound could be given a definite shape. This in- 
vention is founded, above all, on the fact, proved by numerous experiments, 
that molecular mixtures of certain oxides are possessed of properties which 
cannot be deduced 
from those of their 
constituents.” One of 
the engineers to whom if it i) 
he explained his plans pit Way 
said, “In my works 
we only take notice of 
serious ideas.”’ 

After many discour- 
agements Baron von 
Welsbach finally im- 


pregnated the fabric Tue CAROLINE INSTITUTE OF MEDICINE AND SURGERY 
for the mantles in a AT STOCKHOLM. BotH BERZELIUS AND MOSANDER 
TAUGHT CHEMISTRY AT THIS SCHOOL OF MEDICINE 


mixture containing 

one thousand grams of thorium nitrate, ten grams of cerium nitrate, five 
grams of beryllium nitrate, 1.5 grams of magnesium nitrate, and two thou- 
sand grams of water (15). His first patent for the incandescent lamp, 
known in Germany as the “‘Auerlicht’”’ and in America as the Welsbach 
manile, was dated September 23, 1885. 

Baron Auer chose as his motto the appropriate words “more light,” but 
preferred to write it “plus lucis” as a reminder of his early struggles with 
Latin (49). In 1901 Kaiser Franz Josef elevated him to the hereditary 
nobility with the title of Freiherr von Welsbach. When the Kaiser re- 
marked, ‘“‘You have had, so I hear, considerable success with your dis- 
coveries,”” Baron von Welsbach quickly replied, ‘““Yes, Your Majesty, up 
to the present more than 40,000 people throughout the entire world have 
found employment through my discoveries.” This reply left Franz Josef 
speechless (16). 

Auer von Welsbach also invented the automatic gas lighter based on a 
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INTERIOR COURT OF THE SWEDISH ACADEMY OF SCIENCES, QUEEN STREET 
(DROTTNINGGATAN) STOCKHOLM* 


pyrophoric alloy of iron and cerium, and the osmium-filament electric 
lamp (54), the first successful electric-light bulb with a metallic filament, 
which, however, was soon superseded by the tungsten and tantalum lamps. 

His home, Welsbach Castle, commanded a glorious view of the Carin- 
thian Alps, and his chief recreations were hunting, fishing, and gardening. 
In the park were many exotic plants, including cedars from Lebanon, that 
he had carefully nurtured until they could withstand the severe climatic 
conditions at the high altitude of 800 meters. On the ground floor of the 
castle there was a well-equipped laboratory containing a valuable spectro- 
scope which his aunt had provided for his early researches, a library of 
valuable books with uncut pages, which had belonged to Bunsen, and an 
unsurpassed collection of rare earths. These treasures were carefully 
guarded by the ever-faithful ‘“‘Buzi,”’ a terrier who allowed no one but his 
master to touch even a piece of paper. On August 2, 1929, Baron Auer was 
seized with severe abdominal pain. After a painful examination by 
physicians, who realized the serious nature of the illness, ‘“‘he got up, went 
into the garden, looked around, closed up his study, burned a few papers, 
stood for a long time before his father’s portrait, then went into the labora- 


* Reproduced from H. G. Séderbaum’s “Jac. Berzelius-Levnadsteckning’”’ by kind 
permission of Dr. Séderbaum. 
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tory, covered his spectroscope, stroked it tenderly with his hand, glanced 
at the other things, took leave of his last unfinished thulium series with a 
motion of the hand, closed the rooms again, and quietly lay down” (49). 
Twelve hours later he entered into eternal rest. 


Holmia and Dysprosia 


In the year 1886 Lecoq de Boisbaudran separated pure holmia into two 
earths, which he called holmia and dysprosia. He accomplished this by 
fractional precipitation, first with ammonium hydroxide and then with a 
saturated solution of potassium sul- 
fate, and found that the constituents 
of impure holmium solutions precipi- 
tate in the following order: terbium, 
dysprosium, holmium, and erbium (3), 
(37), (48). Lecoq de Boisbaudran 
never had an abundant supply of raw 
materials for his remarkable researches 
on the rare earths, and he once 
confided to Professor Urbain that 
most of his fractionations had been 
carried out on the marble slab of his 
fireplace (56). 


Samaria and Europia 


Eugéne Anatole Demarcay, the 
discoverer of europium, was born in 
Paris on New Year’s Day, 1852. 

He studied at the Lycée Condorcet, EUGENE — en 
spent * year in England, and at the French chemist who discovered the 
age of eighteen years entered the Ecole element europium and gave spectro- 
Polytechnique (4). He was interested rang 74 re veg Sere — 
not only in chemistry, but also in gated many terpenes and ethers, and 
geology, natural history, and lan- studied the volatility of metals at low 
: : sais temperatures and pressures. 
guages. His good humor, intellectual 
integrity, and ability to think independently soon won the respect and 
friendship of his professors, Cahours, Wurtz, Deville, Dumas, Friedel, 
Cornu, Schutzenberger, and Lecoq de Boisbaudran, and his love of pure 
science brought him into contact with many younger investigators, includ- 
ing Moissan, Becquerel, and the Curies. After serving for some time as 
Cahour’s assistant at the Ecole Polytechnique, he gave up his position in 
order to travel through Algeria, Egypt, and India (50). When he returned 
to Paris, he devoted all his time to research in pure science. 
His first investigations, begun in 1876, were in organic chemistry. His 
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BERZELIUS’ GRAVE* IN THE SOLNA CHURCHYARD 


study of the C; terpenes and the ethers of the unsaturated acids proved to 
be of practical value in the perfume industry. While studying the sul- 
fides of nitrogen he suffered a serious accident. The explosion of a cast- 
iron vessel completely destroyed one of his eyes, yet, after recovering from 
the injury and shock, he continued his dangerous researches on compressed 


gases. In his famous laboratory on the Boulevard Berthier he had the - 


finest apparatus for producing vacua to be found in Paris. This was used 
for studying the volatility of zinc, cadmium, and gold at low temperatures 
and pressures (50). 

In order to study the effect of very high temperatures on spark spectra, 
Demarcay constructed an induction coil with a short secondary wire of 
large diameter, which gave intensely hot, luminous, globular sparks. By 
using electrodes of very pure platinum, he was able to eliminate from the 
spectrum of the substance he wished to examine all foreign spectra except 
the well-known lines of platinum. This was the apparatus with which he 
studied the spectra of the rare earths. 

In 1901 Demarcay made an elaborate series of fractionations of samarium 
magnesium nitrate which resulted in the discovery of a new earth, europia 
(3), (31). Since he could read a complicated spectrum ‘“‘like an open book,” 


* Reproduced from H. G. Séderbaum’s “Jac. Berzelius-Levnadsteckning” by 
courtesy of Dr. Séderbaum, 
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he was frequently called upon to pass judgment on supposedly new ele- 
ments, and was the first to observe the new lines of radium in some barium | 
salts brought by Pierre Curie. 

Had he been granted a longer life, Demargay might have made a more 
thorough study of the compounds of europium, but in 1904 death brought 
an end to his researches. Although he had realized for some time that 
his life would soon be cut short, he nevertheless felt “‘grateful for the years 
he had lived’’ and ‘‘asked for no further reward than that felt by a keen 
intelligence when it gives rise to a 
flash of thought that will be remem- 
bered throughout the world” (50). 


Ytterbia and Lutecia 


In 1907 Georges Urbain separated 
ytterbia into two constituents. By a 
series of fractional crystallizations of 
ytterbium nitrate from nitric acid 
solution, he obtained two oxides of 
different properties. One of these he 
named neoyiterbia in order, as he said, 
“to leave to the illustrious Marignac, 
in the future, the credit of his funda- 
mental discovery” (52). The other 
oxide he called /utecia from an old 
name for his native city, Paris (3), (38), 
(39), (51). T he element he named Gudea Gamal, 1870- 
neoytterbium is now known simply as Peshence oh: shanti ot die Sen. 
ylterbium. Although these elements bonne and chief of the chemical divi- 
were found to be identical with the preter gene ahem gga 
_ “aldebaranium’” and ‘“‘cassiopeium’’ lutecium. The first chemist in France 
discovered independently by Auer pa thar ge rong _ : ae = 
von Welsbach at about the same time, the rare earths, atomic weights, 
Urbain’s names for them have been pose gee cea pleuphoresoence 
accepted. 

Georges Urbain was born on April 12, 1872, received his doctorate from 
the University of Paris in 1899, and afterward became a professor there 
(4). He received inspiration and encouragement in his researches from 
Pierre Curie and Lecog de Boisbaudran (53). At present he is a professor 
at the Sorbonne and chief of the chemical division of the French Institute 
of Physico-Chemical Biology recently founded through the generosity of 
Baron Edmond de Rothschild (17). Professor Urbain is a member of the 
Institute of France and of the International Commission on Atomic 
Weights. He is famous not only for his work on the rare earths (52), spec- 
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MEMORIAL PLAQUE DESIGNED BY GEORGES URBAIN IN HONOR OF THE SCHUT- 

ZENBERGER CENTENNIAL. Tus IS A FINE EXAMPLE OF PROFESSOR URBAIN’S 
ARTISTIC ABILITY 


troscopy, magnetism, cathode phosphorescence, and atomic weights, but 
also for his beautiful artistic productions, among which may be mentioned 
the plaque which he designed in honor of the Schutzenberger centennial 
(18). 

Before the news of Urbain’s discovery reached America, the late Professor 
Charles James of the University of New Hampshire had prepared a large 
amount of very pure lutecia. Although deeply disappointed because his 
caution and delay in publishing his results had caused him to lose priority 
in this discovery, he accepted Urbain’s results without question and never 
pushed his own claim (19). 

The following diagrams which Professor James prepared for the Four- 
teenth Edition of the Encyclopedia Britannica show very clearly the separa- 
tions by which the original complex earths ‘‘ceria’”’ and “‘yttria’’ were re- 
solved into the simple oxides of the rare earth metals. 
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The metals of the rare earths comprise the largest of all the natural 
groups, yet their exact positions in the periodic table have never been 
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satisfactorily ascertained (25), (47). Cerium,* lanthanum, praseodymium, 
neodymium, samarium, and yttrium have been prepared in the ‘metallic 


state (20), (24), (33). 
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MOLECULAR MODELS IN THE ELEMENTARY ORGANIC 
LABORATORY. I 


WALLACE R. Brope Anp Cecit E. Boorp 
Tue Onto STATE UNIVERSITY, COLUMBUS, OHIO 


The present paper deals with the use of structural models in a laboratory 
course of elementary organic chemistry to develop the fundamental concepts 
of homology and isomerism. This is made possible by the fact that suit- 
able model sets have now been made available at a price easily within the 
reach of every student. A few examples are given of simple laboratory exer- 
cises designed to enable the beginning student to develop for himself the basic 
principles of structural organic chemistry. 


The usual laboratory course in elementary organic chemistry begins 
with a series of exercises designed to acquaint the student with the opera- 
tions used to separate and purify organic compounds and to test their 
purity. These are followed by a few exercises adapting the principles of 
qualitative analysis to the detection of the elements. Sometimes this 
latter group is extended to include the quantitative determination of a few 
elements, particularly carbon and hydrogen. The major portion of the 
course is normally made up of a series of preparations of typical organic 
compounds and a study of their chemical characteristics. In recent years 
many instructors, in order to drive home the characteristic class reactions, 
are also including a greater or lesser amount of qualitative organic analysis. 
Such a program is devoted almost exclusively to a study of the reactions of 
functional groups. 

The framework formed by the union of carbon to carbon by single, 
double, and triple bonds, the general tetravalent and tetrahedral character 
of the carbon atom, with the resultant phenomena of homology and isomer- 
ism, are left wholly dependent on the clarity of the text, the ingenuity of 
the instructor and the imagination of the student. The engineering 
student with his background of analytical geometry probably has little 
difficulty in visualizing the plane diagrams of structural organic chemistry 
in three-dimensional space. It is not so with the non-engineering student. 
To the students in pharmacy, arts-chemistry, premedicine, and home 
economics, the non-existence of two dichloro derivatives of methane or the 
equivalence of the six hydrogen atoms of ethane are not immediately ap- 
parent. 

The desire to place a set of structural models in the hands of each of 
their beginning students has doubtless originated in the minds of many 
instructors. The possibility of providing such a set at a suitable price 
was a subject of general informal discussion among several members of the 
Organic Division at the Indianapolis Meeting of the American Chemical 
Society. During the following summer a set of models was designed and 
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constructed. These models have been successfully used in all classes in 
elementary organic chemistry at The Ohio State University during the 
past academic year. 

The usual list of synthetic preparations was closely scrutinized and a 
few of the more expensive and least desirable experiments omitted. It 
was thus found possible to provide each student with an individual set of 
the models at an actual saving. A number of laboratory exercises were 
then devised with the view of evolving, developing, and illustrating the 
principles of homology, isomerism, and nomenclature. These exercises 
were inserted into the laboratory program at those points which seemed 
most suitable. The exercises developing homology, simple chemical 
isomerism, and nomenclature natu- 
rally came quite early in the course, 
while the ones dealing with geometri- 
cal isomerism and asymmetric carbon 
were introduced after the dibasic and 
hydroxy acids had been reached. It 
was also found feasible to group sev- 


eral exercises, requiring the models, o< 
together so that the whole laboratory 





period was taken up by this type of 
experimentation. A total of four 
periods was given over to the work. 
The opinion of the instructional staff 
was unanimous that the innovation 
was highly successful. 

A number of these exercises are : al 
given in detail below. Every labora- 
tory teacher will no doubt desire to FIGURE 1.—SKELETON STRUCTURES 

ILLUSTRATING THE UNION OF CARBON 

delete, alter, or extend parts of the to Carson By SINGLE, DOUBLE, AND 
directions as given. It was found TRIPLE BONDS AND THE FORMATION OF 

; Nae ; CoNTINUOUS AND BRANCHING CHAINS 
desirable to precede this work with a 
brief laboratory lecture during which the instructor in charge stated the 
purpose of the models, demonstrated their use, and outlined briefly the work 
to be covered. It was also found advantageous, particularly in the larger 
sections, to have a full staff of laboratory assistants on hand to facilitate the 
correcting, checking, and approval of the structures presented. 














Preliminary Exercise. The Use of Structural Models 


Prepare samples of the following, write their structural formulas in 
ei notebook, and have your instructor approve the completed set 
of models. 


A. Combinations between two atoms. 
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1. Carbon to Hydrogen. (C—H) (insert small wooden pegs in all 
holes so as to indicate unsatisfied bonds) 
2. Carbon to Carbon (single bond) 
Carbon to Carbon (two bonds, use springs) 
Carbon to Carbon (three bonds, use springs) 
5. Carbon to Halogen 
6. Carbon to Oxygen (single bond) 
7. Carbon to Oxygen (double bond) 
After you have obtained your instructor’s approval on part A, part 
B should be prepared and approved. 


B. Combinations between three atoms. 


1. Carbon to Carbon to Carbon 

2. Carbon to Oxygen to Carbon 

3. Carbon to Oxygen to Hydrogen 

4, Oxygen to Carbon (double bond) to Oxygen (single bond) 


Exercise 1. Homology and Isomerism 


Erect as many models of the methane molecule as possible from 
your set. Place aside one of these models for 
reference. From a second methane molecule 
remove one of the hydrogen atoms. What is 
the name of the radical formed? What is its 
valence? 

2. Using a third molecule of methane, re- 
place one of the hydrogen atoms by the CH;— 
group obtained above. What is the formula 
for the hydrocarbon which this new structure 
represents? What is its name? Are all the 
hydrogen atoms of the new hydrocarbon equiv- 
alent? Place aside this molecular model and 
; from the remaining methane molecules as- 
¥ semble a second one like it. From the new 
model remove one of the hydrogen atoms. 
FicurE2.—ButaNne AND What is the name of the radical formed? 

ISOBUTANE What is its valence? Are all the hydrogen 
atoms of this radical equivalent? 

3. Replace the hydrogen atom removed by a methyl group. What 
is the molecular formula of the hydrocarbon represented by the new 
structure? Whatisitsname? Are all the hydrogens in this hydrocar- 
bon equivalent? Place this structure aside and assemble a second one 
like it. Remove one of the hydrogen atoms from one of the end car- 
bon atoms of this structure. What is the name of the radical formed? 
What is its valence? By removing the hydrogen atom from the middle 
carbon atom would a different radical have been obtained? 

4. Unite this new radical with a methyl group. What is the mo- 
lecular formula of the hydrocarbon represented by the new structure? 
What is its name? 

What is the difference in carbon and hydrogen content of the two 
hydrocarbons formulated in parts 1 and 2? In parts 2 and 3? In 
parts 3 and 4? A series of compounds having this constant difference 
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is called what kind of a series? What is the name and general formula 


for this series? 
Record the answers to each of the above questions in your notebook 


and tabulate the data indicated by the form given below: 





Number Name of Alkyl Group 
Carbon Hydro- Molecular Difference Mol. Structural Formula 


Atoms carbon Formula Cand H Wt. Formula Name 








5. Erect two models of the propane molecule. On one of these 
models replace a hydrogen from one of the end carbon atoms by a 
chlorine atom. On the second 
propane model replace a hydrogen 
from the middle carbon atom by 
chlorine. Write the structural 
formulas of these two compounds. 
Also write their molecular for- 


mulas. Are the two compounds re) . 





= 


identical? Do they contain the 
same carbon skeleton? If they 
are not identical, in what respects 
do they differ? (Figure 3.) What 
term is used to describe this condi- 
tion when it exists between two 
compounds? 

6. In each of the two models 
for chloro substituted derivatives 
of propane obtained above, re- 
place the chlorine atoms by methyl 
groups. Write the molecular for- 
mulas for the two compounds 
represented. Write their struc- FIGURE 3.—THE Four ISOMERIC BUTYL 
tural formulas. Are these two ALCOHOLS 
compounds identical? Do they 
contain the same carbon skeleton? Does this condition resemble in 
any way that found between the two chloro propanes’ In what re- 
spects do the two cases differ? Devise terms which will suitably 
describe these two forms of the phenomenon. 


Exercise 2. Structure and Classification of Alcohols 


1. Erect a model of a molecule of methane. Replace one of the 
hydrogen atoms by an OH group. Compounds bearing this relation- 
ship to a saturated hydrocarbon form what class of organic com- 
pounds? What is the characteristic ending for the names of the com- 
pounds of this class? 

2. Set the model aside for reference and erect a second one like it. 
Replace one of the hydrogen atoms, attached to carbon, by a methyl 
group. What is the name of the compound represented by the new 
structure? Write its structural formula. It may be regarded as a 
derivative of what hydrocarbon? The hydroxyl derivative of methane 
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is frequently called methanol. In the same system of nomenclature 
what would the new compound be called? In an older system of 
nomenclature hydroxy-methane is called carbinol. Considering the 
way in which the new structure was derived from carbinol what would 
the new compound be called in the same system? 

3. Place this model aside and erect another one like it. Replace a 
second hydrogen atom of the carbinol group by a methyl group. What 
is the common name of the compound here represented? Write its 
structural formula? Of what hydrocarbon is it a derivative? What 
is its carbinol name? 

4. Place this model aside and erect a second one like it. Replace the 
third and last hydrogen atom on the original 
carbinol residue by a methyl group. Write 
the structural formula of this new structure. 
What is the carbinol name of the compound it 
represents? 

5. We have before us now the models of 
four alcohols. Each contains a single hydroxyl 
group bound to carbon. Note how many hy- 
drogen atoms are bound directly to this same 
carbon atom in each case. Disregarding the 
original carbinol (hydroxy methane) of which 
there is only one representative, how many 
classes of alcohols will we have, based on the 
nature of the carbinol residue or group? Con- 
See eee sult your text and give the type formula and 

-~ ~~ name for each of these classes. Tabulate the 

me pi A gg data for each of the alcohols formulated above 

as indicated in the form given below and have 

your instructor approve both your table and models. Do these alco- 
hols form an homologous series? Ifso what is the general formula? 

















Number 
Carbon Name of Molecular Difference Structural Classifica- Carbinol 


Atoms Alcohol Formula Cand H Formula tion Name 





1 
2 





6. By dismembering the above models set up the structures for the 
two isomeric butanes. How many different alcohols may be obtained 
by replacing a single hydrogen atom in normal butane by an hydroxyl 
group? Record the structural formulas, names, and classification of 
each. How many different alcohols may be derived from isobutane? 
Record the structural formula, names, and classification ofeach. What 
is the relationship existing between all of these alcohols? (See Figure 
4.) Without using the models, work out the structural formulas, 
names, and classification of the alcohols in this series containing five 
carbon atoms. 


Exercise 3. Oxidation Products of the Alcohols 


Let us suppose each of the alcohols formulated in the preceding exer- 
cise were submitted to oxidation and that a hydrogen atom (bound to 





Vor. 9, No. 10 MOLECULAR MODELS IN LABORATORY 1779 


carbon) of the carbinol group were changed to hydroxyl. This carbon 
atom would now be in combination with two hydroxyl groups. Long 
experience has shown that such compounds are very unstable, the two 
hydroxyl groups reacting to split off water, the remaining oxygen atom 
becoming united with the carbon atom by a double bond. Reassemble 
each of the alcohols indicated above on the models and make the trans- 
formations indicated. Record in your notebook the molecular for- 
mulas of both the alcohol and its oxidation product. How do they 
differ in composition? Compounds having the general formula 
R—-C=0O are called aldehydes and those having the general formula 


| 
H 


R 
»c=0 are called ketones. After your instructor has approved each 
R 


of the models for the oxidation products, tabulate the data indicated 
by the following form in your notebook. 





Structural 

Structural Formula of 
Formula Class of Oxidation Derivation Geneva 
Alcohol Alcohol Product Name Name 








What conclusions may one draw as to the oxidation products of pri- 
mary, secondary, and tertiary alcohols? 


Exercise 4. Organic Nomenclature 


Many organic compounds can be named by more than one method. 
The details of the several methods are fully discussed in the text. The 
student should strive to become sufficiently familiar with each of these 
systems of nomenclature so that he can formulate the structure of the 
compound from its name or name the compound from its structure. 
The instructor will indicate a number of compounds in the following 
lists. The student will then erect a model of each of the compounds 
indicated. He should tabulate the name of the compound, its plane 
projection formula and its name according to other systems of nomen- 
clature in his laboratory notebook, in the form given below, and report 
to his instructor for the approval of both the model and table. 





Number Derivation 
Carbon Structural Common or Carbinol Geneva or 
Atoms Formula Name Name Rational Name 





1 





After a given structure has been approved by the instructor the 
model may be dismembered and used in assembling the next com- 
pound in the list. 

The student should be prepared to define and to use correctly in his 
discussions with his instructor each of the following terms: homologous 
series, isomerism, substitution; addition, alkyl group, saturated com- 
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pound, unsaturated compound, paraffin, olefin, acetylene hydrocarbon, 
double bond, radical, substitution product, addition product, and 


carbinol group. 


HYDROCARBONS 


1 Common Names 


n-pentane 
propylene 
propane 
isobutylene 
n-butane 
neopentane 
methane 

2 Derivation Names 
methylacetylene 
trimethylmethane 
ethylacetylene 
tetramethylethylene 
methylethylene 
sym-dimethylethylene 
methylmethane 

3 Geneva Names 
ethane 
ethene 
ethine 
propane 
propene 
propine 
butane 
2-methylbutane 
2-methylpentane - 
3-ethylpentane 
2-methyl-1-butene 
2-methyl-2-butene 
3-methyl-1-butene 
1,3-butadiene 
1,4-pentadiene 


acetylene 
isobutane 
ethylene 
ethane 
butylene 
isopentane 
isohexane 


ethylethylene 
dimethylmethane 
unsym-dimethylethylene 
tetramethylmethane 
dimethylacetylene 
dimethylethylmethane 
triethylmethane 


pentane 

1-pentene 

2-pentene 

2-hexene 

2-pentine 

1-hexene 

3-hexene 
3-methylhexane 
2-methylpropane 
3-methylpentane 
3-methyl-1-pentine 
3,3-dimethyl-1-butene 
2,4-dimethylpentane 
2-methyl-1,3-butadiene 
2,3-dimethyl-1,3-butadiene 


HYDROCARBON RADICALS—ALKYL GROUPS 


ethyl 
n-propyl 
isobutyl 
isopropyl 
methyl 


isoamyl 


n-butyl 
n-amyl 
n-hexyl 
ethylene 
methylene 
ethylidene 


HALOGEN SUBSTITUTION AND ADDITION PRODUCTS 


trichloromethane 

ethyl bromide 
1-bromopropane 
1,1-dichloroethane 
1,2,3,4-tetrachlorobutane 


2-bromopropane 

* 2,3-dibromobutane 
methyl chloride 
methylene chloride 
carbon tetrachloride 
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dichloromethane ethylene bromide 
2-bromo-1-butene ethylidene chloride 


2-iodo-3-bromobutane 1,2-dibromoethylene 
1,2-dichloroethane 3-chloropentane 


tetrachloromethane n-propyl iodide 
chloroform 1,4-dibromobutane 


isopropyl bromide 2-bromopropylene 
ALCOHOLS 
1 Common Names 
methyl alcohol ethyl alcohol 
n-butyl alcohol n-propyl alcohol 
isopropyl alcohol isobutyl alcohol 
n-amyl alcohol isoamyl alcohol 
sec.-butyl alcohol tert.-butyl alcohol 
2 Carbinol Names 
carbinol methyl carbinol 
ethyl carbinol trimethyl carbinol 
dimethyl carbinol ethyl-u-propyl carbinol 
methylethyl carbinol diethyl carbinol 
methylisopropyl carbinol sec.-butyl carbinol 
isobutyl carbinol tert.-butyl carbinol 
3 Geneva Names 
ethanol methanol 
1-propanol 2-propanol 
2-butanol 1-butanol 
2-methyl-2-propanol 2,2-dimethyl-1-propanol 
5-hexanol 3-pentanol 
3-methyl-1-pentanol 2-methyl1-2-butanol 
2-methyl-1-propanol 3-methyl-1-butanol 
2-hexanol 1-hexanol 


Discussion 

The preliminary exercise serves the useful purpose of making the student 
familiar with this new form of laboratory experimentation. 

In the exercise on homology and isomerism the student is able to build up 
for himself, unit by unit, the first four members of the paraffin series. He 
sees the structure of these hydrocarbons in their true perspective. It be- 
comes immediately apparent to him that in such compounds carbon is 
united to carbon forming a continuous chain or frame-work of carbon 
atoms. He has by this structural process evolved for himself the true 
relationship between the members of a homologous series. In section 5 of 
this exercise he discovers that there are two monochloro derivatives of 
propane. They contain the same carbon skeleton and differ only in the 
position of the chlorine atoms. These two compounds are not identical, 
although they contain the same kinds of atoms and the same number of each 
kind, for the atoms are differently arranged. The compounds are iso- 
meric—position isomers. In section 6 the idea of isomerism is extended. 
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When the chlorine atoms are replaced by methyl groups the two new hydro- 
carbons still contain the same kind, and the same number of each kind of 
atoms but they no longer contain the same carbon skeleton. The isom- 
erism has projected itself more deeply into the molecular structure; the 
new compounds are nuclear isomers. i 

The same evolutionary process is continued in exercise 2 in the develop- 
ment of the structure and classification of alcohols. Beginning with 
methanol, the student is led to develop systematically the structures for 
methyl carbinol, dimethyl carbinol, and trimethyl carbinol. By examining 
the molecular formulas for these compounds he finds that they form a 
homologous series. He finds, too, that these alcohols differ from the cor- 
responding hydrocarbon in each case only in that a hydrogen atom has 
been replaced by a hydroxyl group. He may now be led to formulate cor- 
rectly his own definition for the term alcohol. Incidentally, he also has 
discovered that alcohols may be classified into three classes or types de- 
pending upon the nature of the carbinol residue or group. And he should 
be able to name these compounds in the carbinol system from their method 
of derivation. In section 6 of this exercise the student, by use of the 
models, is enabled to derive the structure of the four carbon atom alcohols 
from the corresponding hydrocarbons. Here he is required to use the infor- 
mation previously gained, in the classification and name of these derivatives. 

In exercise 3 a well-recognized mechanism is used in evolving the struc- 
ture of the aldehyde and ketone by the oxidation of the primary and sec- 
ondary alcohol respectively. By the application of the models to this 
oxidation process not only are the underlying principles of an experimental 
method for differentiating primary, secondary, and tertiary alcohols made 
clear but the student is also enabled to visualize wherein aldehydes and ke- 
tones are alike and wherein they differ in structure. 

The exercise in organic nomenclature is intended to supplement rather 
than replace the usual discussion of nomenclature in the text. The models 
furnish a convenient medium for training the student in the art of formulat- 
ing a compound from its name or naming a compound from its structure. 
In a relatively short time the students become unusually proficient in the 
use of both the carbinol and the Geneva systems of nomenclature. 

Psychologists tell us some students are memory minded and some are 
motor minded. Some remember best what they read in books or hear in 
lectures. Others remember what they do with their own hands. Aside 
from the training which they acquire in the use of the scientific method 
perhaps it is to the latter element we may attribute the value of laboratory 
work as a pedagogical process. The student soon learns to visualize the 
invisible molecule in terms of the visible model. With the molecule made 
real the idea of a carbon skeleton made up of quadrivalent carbon atoms 
and the resultant phenomena of homology and isomerism fix themselves 
more firmly because they are better understood. 
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THE GOLD-MAKER 


H. MiLtToN WoopDBURN, THE UNIVERSITY OF BUFFALO, BUFFALO, NEw YORK 


A cursory examination of plays published for the use of chemistry clubs 
will show that there are many farcical skits, but few plays which combine 
any educational features with the entertainment. The immediate need for 
such a play, to be used in a program of the chemistry club at The University 
of Buffalo, prompied the writing of the following one-act sketch. The en- 
thusiasm with which 1t was received led to the idea that other organizations 
might also be able to use it in their programs. 

It is an unfortunate fact that in the crowded moments of our chemistry 
curricula, the history of the science is often pushed completely out of the picture. 
This very fact provides a wonderful opportunity for student chemistry clubs 
to become more than mere social organizations, for many of the outstanding 
events of chemical history can provide very interesting bits of entertainment 
if presented in the proper way. At the same time a gap in our chemical 
education may be partially closed. 

In writing this play an attempt was made to use incidents as nearly au- 
thentic as possible. Credit for originality is claimed only for the general 
plot and the arrangement of these incidents. The introduction of the scene 
from ‘‘The Romance of Leonardo da Vinci’! 1s made with the permission 
of the Modern Library Company. Other material comes largely from 
“Crucibles” by Jaffe.? 

The running time of the play is approximately thirty minutes. In most 
cases it would be advisable to precede it with a very short informal prologue, 
outlining the basic ideas of alchemy and emphasizing the contrast brought 
out later in the play. The author would be happy to give any information 
desired as to costumes, property, lighting, etc. Care should be taken in 
collecting property to use only such articles as might reasonably belong to a 
fifteenth century scene. 


Time: Late fifteenth century. Place: Florence. 
Characters: BERNARD TREVISAN, an alchemist. 

Marco, his apprentice. 

GALEOTTO SACROBOSCO, also an alchemist. 

AN ITALIAN DUKE, patron of science. 

Setting: The alchemical laboratory of BERNARD TREVISAN. The general 
appearance is one of disorder. The center of the stage is occupied by a table 
covered with apparatus of all kinds: jugs, flasks, mortars, a crude balance, 
etc. At the left is a table and chair. The table is littered with books, large 
Sheets of paper, etc. A small globe, quill pen, hour-glass, etc., are also on this 


1 MERESKOowSKI, ‘‘The Romance of Leonardo da Vinci,” Random House, New 
York City, 1931, pp. 95-100. 
2 JaFFE, ‘“‘Crucibles,” Simon and Schuster, New York City, 1930, pp. 1-17. 
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table. The rear wall is occupied by hanging shelves which hold jars, bottles, etc, 
Beneath the shelves is a rude bench. At the right rear 1s the alchemical fur- 
nace, built somewhat like a stone forge, with a charcoal fire on top. A hand 
bellows les near the fire, while close to the furnace is a small wooden tub for 
water, a pair of tongs, and some broken crucibles. An extra stool or two, 
water-jugs, and old crucibles are scattered about on the floor. The only visible 
source of light is an antique lantern hanging in the center of the stage. The 
stage entrance is at the right front. 

As the curtain rises, the stage 1s perfectly dark except for a faint glow from 
the fire. Marco ts asleep on the bench at the rear. 


STAGE SETTING FOR THE GOLD MAKER 


CURTAIN 

(ENTER Trevisan, carrying candle and roll of paper) 
Marco! Marco! Rogue, where art thou? Will I never have 
a boy but he will run out as soon as a pretty maid passes the door? 

(Discovers Marco and starts to shake him, then stops) 
Ah! poor lad. Was he not here all of last night tending the 
furnace? And I had forgot that he had no sleep. Better had 
he gone to Leonardo, the goldsmith. .. Marco! Marco! (Shaking 
him) Wake up, lad. Dost not remember, this is the night? 
Scarce an hour we have, before Master Sacrobosco and _ the 
Duke will be here, and the furnace not yet ready. Does it 
mean nothing to you that.... 
(Contritely) Oh, Master. I did not mean to sleep. But it was 
so still here, and I was very tired. (Yawning) 
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Trev. Tut, Tut—Hurry now, and stir up the coals. We must be 

ready when they come. 
(TREVISAN seats himself at left table and begins searching through 
the papers there, mumbling to himself. Marco goes to the 
furnace and blows on the fire with the hand bellows until the fire 
brightens. Then, with a candle lighted at the one on TREVISAN’S 
table, he lights the lantern in the center of the stage. TREVISAN 
brings a sheet of paper to the center table. Gathers together 
various articles as he reads from the paper, some from the table, 
some from the shelves in the rear.) 

Prepared pearls—crab’s eyes—red coral—white amber—calcined 

hartshorn—of each one ounce. Of the tips of crab’s claws pow- 

dered, the weight of all the others. (Pouring a red powder on to 

the balance) I have them all. 

(Calls) Marco! Come, lad, the furnace will do now. Clear a 

place on the table here so that our visitor may have a place to 

work when he comes. 

(Coming to the table) Yes, Master. 

But be careful, and spill nothing. 

(Beginning to clear the end of the table opposite from TREVISAN) 

Yes, Master. 

(To himself) Now to make them all into a fine powder. (Pours 

several things into a mortar and begins to grind them) Yes, Marco, 

this one will turn the trick. 

Yes, Master. (Stops to watch TREvVISAN at work) Master— 

(Timidly) 

Speak, lad. One would think to hear thy timid voice that thou 

wert afraid of me. 

Master, why dost thou labor here so faithfully? What is it that 

thou seekest in all these vessels and in the furnace yonder? 

Why dost thou sweat here in the smoke and dirt, when thou art 

so learned and so wise? Even the king, they say, asks for you. 

Ah, lad, if I could but make you see it. If I could but make 

you see how much more glorious is our search than even the 

recognition of a king. Marco, we seek the Philosopher's Stone. 

(Slowly and impressively) 

(Puzzied) Philosopher's Stone? 

“What is below is like to that above, and that which is above, 

like that below.’”’ (Marco begins to look very bewildered.) Lead 

and other metals would be Gold if they had time. For were it 

not absurd to think that Nature in the earth bred Gold perfect 

in the instant? Something went before. Nature doth first 

beget the imperfect—then proceeds She to the perfect. I shall 
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find the seed, Marco. I shall find the seed that will grow into 
great harvests of Gold. A little more work—one more experi- 
ment perhaps, and I shall have it. The Stone of the Philosophers, 
The Elixir of Life, The Heavenly Balm. (Ecstatically) Gold, 
we shall have, Marco, Gold—and Health—and Life. We shall 
be perfect then—no more sickness—no more hunger. For is 
not the Stone a gift of God? 
(Becoming excited knocks a small flask to the floor) Oh! 
(Very much excited) Dunce! Dolt! Dost thou not see what 
thou hast done? Will thy hands never learn? Never did | 
see such a stupid fellow. A whole year of work gone in an 
instant. Two thousand hen’s eggs burned to the whiteness of 
snow—a thousand distillations—all gone. (Becoming calmer) 
Ah, but forgive me, lad. Thou didst not mean to be wicked. 
And the elixir was but little good, I dare say. 
(Relieved) I am glad if that is so, Master. (Picks up the broken 
glass) 
Many times have I thought to possess the secret. Once, twice, 
a dozen times, have I dissolved and calcined alum. In herbs, 
flowers, and flesh—in pelicans and alembics—by decoction, 
ignition, elevation, and sublimation, have I sought the Stone. 
Thrice ten times did I rectify spirits of wine till I could not 
find glasses strong enough to hold it. Once did I think this 
(Taking a jar, containing phenolphthalein powder, from the shelf) 
would solve the mystery. For by it I did change the color of 
water to that of wine—but, alas, not the taste. Bring me some 
water, Marco, thou shalt see. 
(Marco brings the water jug, actually containing a dilute NaOH 
solution, and pours some into a glass bottle. TREVISAN adds 4 
little powder, shakes, and the color immediately turns red.) 
(Amazed) That is wine, Master. 
Taste it, lad. 
(Marco sips a little from the flask. His face assumes a very 
surprised and disgusted expression. TREVISAN sighs, then 
brightens, and quickly goes back to his work.) 
But this one, Marco. This one will be better. 
(A tinkling bell is heard, then voices outside) 
They are here. Quick, Marco, the door. 
(ENTER the Dvuxe followed by SAcRoBosco) 
(Marco bows humbly. Trevisan bows respectfully.) 
My Lord! 
Good even to you, friend Bernard. Methinks the smell today 
is not so bad as usual. What hast thou in the fire these days— 
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DUKE 


more salt from the Mediterranean—or hast thou turned again 
to vitriol, in thy search for the Stone? 
Sir, thou mak’st sport of me. 
Bernard, thou knowst I would not jest with thee. But we 
forget our mission. (Impressively) Master Trevisan, mayhap 
thy search is ended. Here is Galeotto Sacrobosco, alchemist 
supreme, transmuter of metals, restorer of health. He has but 
lately come to Florence, and only at my earnest request has he 
consented to reveal his method. No one knows of our presence 
here—lI trust that thou wilt be discreet. 
(Addressing SACROBOSCO) Master, it does me honor to receive 
a visit from such a man asthou. Would that my humble quarters 
might more often be graced by two such eminent guests as my 
Lord (Bowing to the DuKe) and thyself. 
’Tis indeed a most slovenly hole to work in. Had I foreseen this, 
oh Duke, I should not have consented so easily. (Sharply, 
with a gesture toward Marco) This boy—can he be trusted? 
Oh, most assuredly, Master Sacrobosco. He has been with 
me for many months, and came from my own village. And 
besides, he is a most stupid lad. Why only this morning, he... 
Tut, tut, my friend. Thy prattling tongue annoys me. Have 
him stir up the fire there. Ofttimes these stupid fellows have 
marvelously sharp wits. And now with your permission, most 
illustrious Duke, I begin the experiment of Divine Metamorphosis. 
(Throws off his outer cloak and deposits a crucible, some sheet 
lead, a knife, and two black rods* on the table.) 
(Slowly and impressively) Gold is the most perfect of all metals. 
In Gold God has completed His work with the stones and rocks 
of the earth. And, since Man is Nature’s noblest creature, out 
of Man must come the secret of Gold. Therefore, have I worked 
on the blood and bile of Man and have discovered the Essence. 
But that thou may’st not doubt the genuineness of the experi- 
ment, examine the crucible, and the lead which I shall use. 
(Hands crucible to DUKE who examines it and passes it to TREV.) 
For know’st thou well, there are many who use tricks when 
their knowledge faileth. Do thou look closely and tap the 
bottom, that thou may’st see it is not false. 
What mean’st thou ‘“‘false’’? 


* The rods are prepared from glass tubes about 15 mm. in diameter and 40 cm. 
inlength. One end is closed with a rubber stopper, the tube partially filled with coarsely 
powdered brass, and the other end then closed in the same way. ‘Finally, the whole 
tube is coated with black lacquer. The method to be used in “breaking’’ the end off 
the rod is obvious. ; 
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Oft when these impostors doubt the potency of their preparation, 
they secrete gold between the double bottoms of a crucible, of 
which the upper one, made of wax, vanishes in the heat of the 
furnace, and the gold is revealed. 

The crucible is whole. 

Examine now the lead which I cut into pieces and put into the 
crucible. (Hands the lead to the Duxe) Or better, Master 
Trevisan, do thou supply the lead. There can be no doubt of 
thy honesty. 

Marco, wilt thou bring me some lead? 

(Half scared and hesitating) Master, we did use all the lead 
these two days ago and thou hast bought no more. 

(Handing the lead back to Sacrososco) We shall accept thy lead, 
Master Sacrobosco. 

(Motioning to the sticks lying on the table without giving them to 
the DuKE) The sticks with which I shall stir the melt. 

Thou art the most cautious and painstaking fellow I have yet seen. 
Come, boy. Take this quickly to the furnace and cease not to 
blow else thou spoil the transmutation. (Marco buries the 
crucible in the coals* and blows on the fire which becomes very bright.) 
Is it true, as they do say, that we shall see the Devil in the fire 
when the lead is turning to gold? What think you, Trevisan, 
is it not sinful to witness such things? 

Thou need’st have no fear of the devil in the fire, my Lord. 
Fear rather the devil thou may’st meet in the flesh. 

(Spilling some mercury from a dish on the table) Look, look, 
Sacrobosco. Here is a miracle! Liquid silver, running about 
as though alive. 

Tis but quicksilver, my Lord. Be not stirred. But methinks 
our wise friend (looking at TREVISAN) may have something of 
interest to show us. (Zo TREVISAN) Good sir, what rare gem 
hast thou found whilst playing with thy choice toys here? Or 
is thy play a thing too precious for any but the gods to view? 
(Politely sarcastic) 

My work is but poor compared to thine, Master Sacrobosco, 
but now and again I do uncover something. Indeed, it has been 
but a fortnight now, since I did first make frozen fire. 


4 The fire is best made of coke, since this reflects light well, and is arranged in 
such a way that a crucible exactly similar to the one used by SAcRoBosco, but com 
taining a lump of yellow material, is hidden behind the pile. When Marco “buries” 
the crucible in the coals, therefore, he simply places it beside the one already there, 
and at the end of the transmutation the prepared crucible is taken out. The change 
in brightness of the fire is easily made by the use of two or three red bulbs hidden im 
the coke and controlled by a ‘“‘dimalite’’ socket. 
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Frozen fire? Ice that will burn? Show us this miracle, Sir. 

If thou canst do this, thou art indeed a fit rival. 

Thou may’st be the judge. (Taking a flask from the shelf) By 

distilling lime and vinegar till the acid was clean spent, I did 

recover this liquor. Thou see’st it looks not like ice. But 

observe closely as I add to it spirits of wine, ten times rectified. 

(Adds the alcohol and inverts the jar to show the solid® contents) 

(Astonished and delighted) Truly, thou art clever, Trevisan. 

Sacrobosco, wilt thy Stone do this? 

Tis but a small matter compared to transmutation. 

But thou didst promise that it would burn, Sir. 

Patience, my Lord. (Takes a small piece of the solid and places 

it on an tron dish. Then lights it from the candle) 

It burns! It burns! Frozen fire indeed! Trevisan, thou art 

marvelous. (Playfully) Rogue, thou hast been hiding thy 

talents in this dark and smelly hovel. 

(Calling meekly) Master, the lead is melted. 

’Tis time for the transmutation. (AJl gather near the furnace. 

Sacrososco unfolds a piece of paper containing a powder) Behold 

the Stone! With the point of a knife I take the smallest grain 

and sift it into the melt. Now to stir it four times round. 
(Stirs with one of the sticks as he counts slowly and evenly. TREVI- 
SAN meanwhile picks the other stick from the table and secretes it in 
his cloak.) 

One—Two—Three—Four—’Tis done. Quick, the water. 
(Marco brings the small tub of water to the furnace and SACRO- 
Bosco quenches the crucible in it, then brings it to the table in 
the center and empties out a yellow lump. Expressions of 
amazement from the DuKE and Marco.) 

(Handing the lump to the DuKE) My Lord! 

Marvelous. ’Tis unheard of! ’Tis unbelievable, Trevisan. 

(Receiving the lump from the DuKe) It hath the color of gold, 

and the weight. 

Test it, my friend. 

(Rubbing the lump on a piece of broken pottery) It hath the softness 

of gold. 

(To Sacrososco) Galeotto, wilt thou stay in Florence and serve 

me faithfully? 

Would that there were something more precious than gold with 

which I might serve thee. 


5A mixture of 10 cc. of saturated calcium acetate solution and 90 cc. of 95% 
alcohol will give a rapid and almost complete solidification. The volumes should be 
measured out previous to the opening of the play. Best results are obtained by adding 
the alcohol to the acetate rather quickly, and with a circular motion. 
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See to it then that none of my brothers find out the secret. 
May I be sent to the gallows if they do. (Slowly) If only— 
might have a few ducats— 
(Enthusiastically) Of course, of course, my friend. (Hands over 
a leather pouch of money) And now, Master Trevisan, fare thee 
well. I shall not forget that thou also hast aided me tonight, 
Here, lad. (Tosses a coin to Marco) Come, Sacrobosco. 
(EXIT DuKe and Sacrososco) 
Master, why didst thou not inquire of the alchemist how he made 
the Stone? Perhaps he would have even given thee a portion, 
(Ruminating) What a great man—gold out of lead—a great man 
indeed. (Thoughtfully) And yet withal, I like thee better. 
(Seating himself wearily in the chair) Come here, my son. 
(Marco seats himself on the floor near TREVISAN) 
Three-score years have I sought the Stone. Three-score years 
have I toiled in smoke and dirt, in poisons and poverty. Oit 
have I had success in my hands, only to see it slip away. But 
Marco, in all my struggles, I have kept ever free from deceit. 
Master, I understand thee not. 
(Slowly) The gold that Master Sacrobosco made was in the 
rod with which he stirred the melt. 
In the rod? But Master, thou didst look at it thyself. 
No, Marco. The rods he gave us not. But here is one—one 
which I picked from the table whilst the: Duke and thou wert 
exclaiming over the gold. Let us see. Hold out thy hands, son. 
(Breaks the end off the rod and pours outa pile of yellow dust 
into Marco's hands.) 
Dost thou see? 
(Jumps up resentfully) Master, why didst thou not denounce 
him to the Duke? Surely— 
Some day, Marco, the Duke will find him out. As for me, I 
have more vital things to do. I am old, lad, and my years are 
growing short. Still I shall seek, for the Stone must be found. 
I shall seek again in blood, in shells and plants, in salt and sulfur, 
and in mercury. (Rising) I shall seek—and I shall find. 
“Grant me another year, 
God of my spirit, but a day, to win 
Something to satisfy this thirst within. 
I would know something here. 
Break for me but ong seal that is unbroken, 
Speak for me but one word that is unspoken,’’® 
I shall be content. (CURTAIN) 
6 “Crucibles” (see footnote 2), p. 9. 
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VISUAL AIDS IN CHEMICAL EDUCATION. THE MUSEUM* 


Awa M. Doy.tez, U. S. NationaL Museum, WASHINGTON, D. C. 


A circular letter was sent to three hundred museums of science and industry 
in the United States and a summary made of the 232 replies received. About 
120 museums reported exhibits in chemistry or the chemical industries, few 
or large in number; including 32 museums having mineralogical collections 
with chemistry as the basis of classification. Some expressed interest and 
asked for information and guidance; some without present exhibits have 
definitely planned for them in the near future; a few forwarded pictures. 

The paper aims to show what museums in this country are doing educa- 
tionally by quoting from a report of the Secretary of the British Museums 
Association; gives the results of the survey of what is actually being done for 
chemistry in museums at the present time; briefly suggests what may be done, 
according to the author’s point of view; and includes some pictures of actual 
exhibits in other places and in the U. S. National Museum at Washington, 


D.C. 


First let us call to mind our concept of a museum. What is a museum? 
And if familiar with museums of today we know not only what a museum is 
but how much a museum can do for a community and for the nation in a 
wider sense. Museums no longer simply exist, they function. 

There are art and history museums, natural history, science, mineralogy 
and geology, engineering and industrial, state and municipal, university, 
college, and high-school museums, trailside and specialized museums of 
many kinds. Museums first were collections of heterogeneous material of 
sufficient value to house and protect. Later it was found worth while to 
engage specialists to classify and systematize the collections as a basis for 
research. The present and more general use of a museum is as an educa- 
tional center. Research, however, not being abandoned, the museum re- 
tains the two great functions of research and education in addition to the 
custodial care of specimens. 

The U. S. National Museum is a part of the Smithsonian Institution, 
whose founder, James Smithson, a research chemist, established ‘‘an institu- 
tion for the increase and diffusion of knowledge.’’ This museum and others 
occupy both fields of research and education, but the larger number engage 
only in the diffusion of knowledge. We will grant in this connection that 
the museum is preéminently a visual aid—by popular demand not only 
visual but dynamic. 

What are museums doing? More specifically, what are American 
museums doing? S. F. Markham, Secretary, Museums Association of 
Great Britain, reports late in 1931 that: 

* Presented before the Division of Chemical Education of the A. C. S. at the 


New Orleans meeting, March 29, 1932. . 
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In each of the three countries, the United States of America, 
Canada and Great Britain, with few exceptions no town with a popu- 
lation of over 50,000 lacks a museum of some kind. It is however 
noteworthy that the United States has a larger proportional number 
of museums, .... larger available funds, newer, larger and better- 
equipped buildings, and American museums generally are part of a 
better organized movement. In Great Britain we have retained to 
a certain extent the learned society outlook and have regarded mu- 
seums primarily as collections for the specialist. Only in a score or so 
of British museums is any popular educational work done, whereas 
in America the acid test of a museum seems to be whether it attracts 
the general public and is of use to schools. The love of experiment 
in the American character has resulted in a wider diversity of museum 
effort. Besides the popular educational tendency, new models of 
science museums are being created, of which the Ford Museum at 
Detroit and the Buffalo Museum of Science are conspicuous examples. 

On a 200-acre tract of a Michigan prairie today, near Dearborn, 
Henry Ford is creating in his own terms a living epic of American 
history, a dramatic interpretation of three centuries of engineering 
or domestic progress. The old engines are carefully rebuilt and the 
missing parts reproduced, old pewter and brass are polished up and 
the dents smoothed out. The mellowing quaintness of antiquity, 
he argues, gives a completely false idea. Thus in period buildings 
covering many acres—the main building alone covering 8'/2, acres— 
there will be recreated the consecutive phases of American civilization, 
at the apex of which will stand the twenty-millionth Ford car. The 
whole world has been ransacked for appropriate buildings and ex- 
hibits and when the museum is completed in 1932 it will undoubtedly 
be one of the museum marvels of the world. 

Even more interesting perhaps is the new Buffalo Museum of 
Science where Mr. Chauncey J. Hamlin and his staff have evolved 
a museum that tells the story of the universe and the story of man in 
new and interesting ways. From a large central hall twelve other 
halls radiate, each dealing with a particular phase of the main subject. 
As an indication of the novel methods employed, the Hall of Heredity 
and Environment has a striking series of wall cases, each illustrating 
the effect of heredity and environment upon the individual. The 
descriptive pamphlet begins with the question, ‘‘Why are some people 
good looking and some mentally brilliant?’ and the exhibits illustrate 
“like begets like,’’ not only in plants and animals but also in man. 


It may be noted that the Hall of Physics and Chemistry at the Buffalo 
Museum is the first in the series and a starting point or basis for all the 
other halls. 


New Orleans has just opened a ‘‘Conservation Museum,” the 
object of which is to make people realize the fundamental necessity 
of protecting forests, game and fish. The Cleveland Museum issues 
a series of booklets on natural history and cultural subjects, sold at 
numerous stores at 15 cents each. Charleston has published an 
equally effective series on music appreciation. The new museum at 
Trenton, N. J., for beauty of exterior design and presentation of 
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exhibits, is probably unequaled among the smaller museums. Here 
too is the extremely novel idea of having loan collections of live 
animals. Guinea pigs, white rats, snakes, turtles and parakeets are 
lent out to children, apparently without injury to either animals or 
children. 

Quite apart from the normal range of museum activities, the 
Philadelphia Commercial Museum, through the Trade Bureau of the 
city, conducts skilful canvasses designed to interest foreign and home 
buyers in the products of Philadelphia. Buyers from more than 
fifty countries visited the Commercial Museum during 1930 and 
more than 15,000 articles of American make were the subject of 
inquiries from abroad. 

New museums are springing up at the rate of one a month in the 
United States and to visit every one that has a new idea would take 
many months. [A later canvass indicates an average of one new museum 
every two weeks. | 

The circulating of museum specimens to schools in city areas 
has developed tremendously, St. Louis, Cleveland and the American 
Museum of Natural History leading in this connection, but possibly 
over a hundred American museums now do this kind of work, with 
full coéperation and appreciation of city educational authorities. 
Particularly fine organizations of this kind are located at Brooklyn, 
Buffalo, Charleston, Chicago, Erie, Newark, Philadelphia, Rochester 
and Trenton. 

The Educational Museum, St. Louis, loans cinema films and 
gramophone records in addition to the usual museum specimens, 
which are not mounted for exhibition but are arranged to permit 
handling by children. It is a tribute to the success of this 20-year 
old scheme that over 62,000 collections, aggregating 600,000 objects 
and 770,000 books were actually loaned to the schools in 1930. 

The American Museum of Natural History, New York City, 
began school circulation schemes in 1904 and in 1922 the city granted 
a special sum of $570,000 for the construction and equipment of a 
school service building. 

The Field Museum of Natural History, Chicago, specializes in 
guide lecturing to schools, the lecturers taking specimens, slides and 
lanterns to the schools. The work requires 10 persons, two motors, 
1000 cases and over a quarter-million objects, circulated among 350 
schools, societies and branch libraries. 

Newark, N. J., lends to 68 schools, to 325 other institutions within 
the city limits and to 71 schools outside. There are about 10,000 
objects loaned about four times yearly, the average life of circulating 
objects being ten years. 

Cleveland has evolved a series of science exhibits that include a 
whole range of engineering models, electrical appliances, etc., while 
at the Field Museum in Chicago the cases illustrating beef and its 
by-products, showing the commercial use of every part of the bullock, 
from hide to blood, are particularly striking. 

Also the way in which cinema service to schools is being developed 
is impressive. The Educational Museum, St. Louis, circulated, during 
1930, 2500 films and 4400 film strips; Cleveland, 900 films, including 
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the Yale Series of Chronicles of America; Chicago loaned 1300 films 
and Pittsburgh 5880 films. The American Museum of Natural 
History has one of the largest museum cinema halls in America. 
Here I saw the film of Byrd’s South Pole Expedition being shown to 
audiences of five to six hundred children, and no one could have 
doubted its educational value. 

“The great fact is that in the United States there is a capacity for 
experiment that is unequaled in any other country in the world, 
and that whilst some of these experiments may fail, others present 
lines along which the museum movement of the future will un- 
doubtedly go.” 


If then the museum has become so potent a factor in the educational 
field, to what extent are chemical educators employing it? Believing that 
chemistry and the chemical industries are sufficiently important, that 
they can be made convincingly simple and are especially well adapted for 
museum demonstration, the writer made a survey of existing museums to 
ascertain to what extent chemistry exhibits are used. 

There are about 1400 museums in the United States. Selecting those 
devoted to science or industry, 300 museums were addressed with a circular 
letter, enclosing return addressed stamped envelope. To date, 240 replies 
have been received. A few furnished pictures, 32 reported mineral collec- 
tions and 85 described either a few or extensive exhibits in chemistry. 
Some with no exhibits at present planned definitely for the future. Others 
expressed great interest or asked for information and guidance. Reports 
from mineralogical collections usually acknowledged the close relationship 
of these to chemistry. This is an encouraging response and would have 
been more favorable had full returns been made, especially with respect to 
photographs of actual exhibits. 

Some typical reports follow, the first ten museums having furnished 
twenty-two photographs. 


Cornell University, Ithaca, N. Y.: 

“We have in the Baker Laboratory of Chemistry a museum that 
contains a collection of chemical elements and their compounds 
gathered chiefly for instructional purposes. Small selective collec- 
tions of the leading industrial processes are shown.” 


Columbia University, New York City: 


“The Chandler Museum houses one of the most complete collec- 
tions of chemical products in the world, used extensively for in- 
struction and research work.” 


New York Museum of Science and Industry, 42nd St., New York City: 


“We take pleasure in forwarding photographs covering six of our 
chemistry exhibits.”’ 
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CHANDLER Museum, HAVEMEYER HALL, COLUMBIA UNIVERSITY 


Dr. Ellwood Hendrick, former curator, standing before case of organic chemicals. 
Museum occupies entire end of building, first floor. 


The Commercial Museum, Philadelphia, Pa.: 

“T am sending a photograph of part of our exhibit of coal-tar prod- 
ucts. Our object is to display the economic uses of various materials. 
We have a model of an Otto Process Coke Plant; another model of 
a Blast Furnace and one of an Open Hearth Steel Furnace. We have 
an exhibit of five gallons of crude petroleum with the exact amounts 
of gasoline, paraffin and other things that come from it; an exhibit 
of corn products with dextrin, corn sugars and other derivatives. 

- These are just a few of the things that occur to me. You will find 
them throughout our whole museum.”’ 


Department of Chemistry, University of Pittsburgh, Pa.: 

“The exhibits in our department are as follows: 1. General 
exhibits of raw materials and chemical products. 2. The most 
representative collection of modern glass from the standpoint of 
art and technology in existence—Professor Silverman’s Collection.” 


Field Museum of Natural History, Chicago, IIl.: 

“There are a few industrial chemical exhibits in the Department 
of Geology. The derivation of numerous products obtained from 
coal is illustrated by the photograph of the London Gas Company 
exhibit. 
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New York Museum of Science & Industry 
GasEouS ELEMENTS OF THE ATMOSPHERE WITH THEIR PROPORTIONS AND SPECTRA 


“The Leblanc Process for the manufacture of soda is shown as a 
combination of specimens with flow sheet. Two table cases, end to 
end, provide a horizontal surface 4 X 12 feet upon which is painted 
the flow sheet, with specimens of all raw materials, intermediates 
and final products placed in appropriate positions on the diagram; 
solids in 4 X 6 inch glass trays, liquids and gases in sealed glass tubes 
Large explanatory label is attached. 

“‘Parker’s Process for desilvering lead, German method, is in a 
4 X 6 foot case, with flow sheet painted on the bottom and with 
specimens appropriately placed. The cyanide treatment of gold ores 
is illustrated by a model of a mill of the percolation type, simplified. 
The model has pumps, tanks and piping but all accessories omitted 
and occupies a space of 3 X 4 feet by one foot high. 

“To a certain extent the systematic mineral exhibit is chemical, 
since the minerals are grouped largely according to their composition 
as given on the label. 

“Other exhibits are: starch and starch sources, cane sugar, beet 
sugar, various commercial sugars, edible vegetable oils and sources, 
corn kernel products, corn stalk, cob and kernel products, rye and 
barley, Japanese lacquer, shellac, true resins, gum and oleo resins, 
wood distillation products, dyes and tans, and paper.” 
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New York Museum of Science & Indusiry 
ELECTROPLATING (DYNAMIC EXHIBIT) 


Museum of Science and Industry, Chicago, IIl.: 

Three photographs of sketches of the Salt Hall, the Glass Hall and 
the hall at the entrance to the division of chemical exhibits showing 
“From Alchemy to Chemistry,’’* were forwarded. This museum 
is setting the pace in the production of dynamic exhibits. 


Beloit College, Beloit, Mich.: 

“The Chemistry Department maintains a small museum in the 
corridor, classroom and laboratory of the Science Hall. We have 
several hundred specimens of minerals on display. One large case 
is devoted to industrial chemistry, organic and inorganic. Just 
installed this summer is a new cabinet devoted to the tools of the 
chemist, electrically lighted, showing all sorts of laboratory equipment, 
some of considerable historical interest, dating back to the early days 
of chemistry in this country. Contrasted with this is the new, modern 
laboratory ware, Pyrex, Coors, etc. 

“Other cases contain a display of organic chemicals prepared by 
students and instructors, many samples being quite unusual, such 
as a collection of pure amino acids prepared from the proteins and a 
variety of organic compounds of biological interest prepared from 
natural sources or synthesized in the laboratory. 

“Provisions for visual instruction in the lecture room include a 
Trans Lux screen set on the lecture table so that it slides up and 


* A sketch of the exhibit, ‘“From Alchemy to Chemistry,” appeared in the JouURNAL 
oF CHEMICAL EpucaTIon for January, 1932, page 168. 
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Commercial Museum, Philadelphia 
Sort Coat AND CoAL Tar, Dry DISTILLATION 


down through a slot and completely disappears when not in use. 
Directly behind the screen a folding shelf is placed on the wall to 
support the lantern. It is the type for both slide and opaque pro- 
jection.” 


Museum of Natural History, Dubuque, Iowa: 

‘“‘We have a great many minerals from which chemicals are made— 
iron, copper, zinc, lead, rock salt, borax, lime, magnesia, gypsum, 
coal, petroleum, asphalt, tar and we have chemical insecticide spray- 
ing materials. In manufactures and handicrafts we have carborun- 
dum from Niagara Falls and materials from which it is made— 
sand, charcoal, salt—and a great variety of abrasive wheels, tools, 
cloth, etc., made therefrom; a fine display of the manufacture of 
varnish and of its raw gums; and of the rubber industry from the 
gathering of the gum to the ready-made rubber shoe and auto tire.” 


The Essex Institute, Salem, Mass.: 

“Our Apothecary Shop may be of interest. Most of its contents 
came from shops in this vicinity. ; 

“From the kitchen of the 17th Century House we enter the lean-to 
by a very low doorway into an apothecary shop of 1830, with its jars 
and bottles of drugs, its files and prescriptions strung on wires, its 
scales and demijohns and cabinets of drawers for the more bulky 
chemicals. The small showcase contains sundry items.” 
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U. S. National Museum 


MINIATURE COLLIERY AND COKE PLANT 


The Academy of Natural Sciences of Philadelphia, Pa.: 

“Our mineralogical and geological exhibits are the only ones we 
have relating to chemistry. These comprise a systematic collection 
of minerals exhibited in 16 large table cases and 9 wall cases, showing 
about 5000 specimens; special exhibits, such as the fluorescence 
exhibit, the meteorite collection, etc.; and educational exhibits 
such as the cases labeled ‘What is Geology?’ or ‘What is a mineral?’ 
‘What is a crystal?’ and mineral groups such as wall case No. V, 
‘Carbonates,’ etc.” 


University of Arkansas Museum, Fayetteville, Ark.: 

“We have several-exhibits of the chemical industries—the refining 
and manufacture of aluminum from bauxite ores which are common 
in this state, the various processes in the manufacture of rubber and 
several exhibits on native road materials. When we are housed in 
our new home we have planned a series of exhibits of chemical in- 
dustries.”’ 


Monroe Health Museum, John B. Stetson University, DeLand, Fla.: 


“We have two very nice displays donated by the Texaco and the 
Gulf oil companies, also very satisfactory exhibits depicting the 
manufacture of cement, white lead, graphite products, a large number 
of dyes, fertilizers and flavoring extracts.” 
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U. S. National Museum 





MANUFACTURING GAS PLANT, AND SERVICED HOME 


Department of Geology, University of Idaho, Moscow, Idaho: 


“Of our exhibits showing phases of the chemical industry, two 
worth mentioning are the property of our School of Forestry—a 
standard exhibit showing the processes involved in the manufacture 
of rayon, presenting consecutively the steps from wood chips to the 
finished rayon, and a somewhat similar exhibit illustrating the manu- 
facture of newsprint paper.” 


Museum of Natural History, State Teachers’ College, Cedar Falls, Iowa: 


‘‘We show stages in match manufacture starting with a block of 
wood, showing cutting, impregnating, endless apron, double dipping, 
drying, packing; the plastic industry, including cotton, nitro cotton 
and solvents, leading to such products as celluloid, smokeless powder, 
patent leather, lacquers, etc.; dyes, showing raw materials, inter- 
mediates, dyes and numerous samples of dyed fabrics; corn and its 
various products; a working model of a water purification plant, 
including sedimentation, filtration and chlorination; mounted draw- 
ings of the stages in the manufacture of water and coal-gas; also the 
prepared exhibits of some industrial firms, including Postum Com- 
pany, Washburn-Crosby Company, Larkin Soap Company, Baker 
Chemical Company, Bausch and Lomb, Quaker Oats Company, 
Aluminum Company of America, etc.” 





Louisiana State Museum, New Orleans, La.: 


“The Louisiana State Museum has on display collections illus- 
trating low-carbonization cokes, carbon minerals and products, 
rustproof steel, alloys and new metals, silicates, paint pigments, 
cellulose products, synthetic and natural perfume materials, lacquer 
constituents, natural and synthetic resins, soybean and peanut 
products, drugs, dyes, tanning materials, oils, waxes, starches, de- 
colorizing carbons, soap and by-products, bone distillation products, 
sugar cane products, rice products, papér raw materials and manu- 
factured products, pine tree products, fisheries products.” 


Francis A. Hood Museum, Alma College, Alma, Mich.: 


“The Department of Chemistry has in the Chemistry Building, open 
not only to the students but also the visiting public, displays of 
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U. S. National Museum 
LIME-MANUFACTURING PLANT MODEL 


various chemical industries and manufacturing processes in which 
chemistry plays a prominent part. The chief processes from the raw 
materials to the final products are included. There must be twenty- 
five or thirty exhibits.”’ 


Department of Chemistry, University of Michigan, Ann Arbor, Mich.: 

“The chemical laboratory has no permanent exhibits but we do have 
three well-lighted display cases in the corridors of the building in 
which are placed all new apparatus as it is purchased by the depart- 
ment. The material in these cases is changed often. The Pharmacy 
College, in the same building, has permanent exhibits, and there are 
chemical exhibits owned by the Department of Chemical Engineering, 
East Engineering Building, and one connected with the Forestry 
Department, Natural Science Building. Our changing exhibits of 
chemical apparatus seem to be of great interest to both teachers and 
students.”’ 


Resources Museum Commission, Jefferson City, Mo.: 

“We have a display of a few types of common salt and rock salt 
together with one of the original hand-hammered, iron kettles im- 
ported from France and used by Daniel Boone and his sons in the 
boiling down of salt which was sold to the pioneers, water for this 
industry coming from a spring near New Franklin, Mo. 

“In addition to the periodic chart of the elements by Professor 
Mendeléeff, we have pictures on the mining and utilization of barytes 
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U. S. National Museum 
GENERAL VIEW, HALL OF MINERAL TECHNOLOGY, SALT MINING PLANT IN 
RiGHT FOREGROUND 





and something about the important processes through which ores go 
for modern uses of lead, zinc, iron, copper, cobalt, nickel and the 
lesser minerals important among Missouri’s resources such as building 
stones, clay, coal, sand and gravel.” 


University of Montana, Montana State College, Bozeman, Mont.: 

“Our collection consists of mineral and rock specimens, probably 
about 2000 in cases, and certain other chemical industry materials 
such as dye exhibits, explosives exhibits and so forth, chiefly furnished, 
in part at least, by various industries.” 


University of New Hampshire, Durham, N. H.: 

“Our only exhibit of particular interest is the collection of very pure 
rare earth salts which were prepared by the late Professor Charles 
James and are exhibited in our museum cases in connection with the 
departmental library.” 


Department of Chemistry, Stevens Institute of Technology, Hoboken, N. J.: 


“We have exhibits representing al] branches of chemical industry, 
including paints and varnishes, dyestuffs, glass and ceramics, gas 
manufacture, abrasives, chemicals, alloys, resins, perfumes, soaps 
and soap products, manufacture of white lead and zinc, lubricating 
oils, etc.” 
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U. S. National Museum 
WHITE LEAD MANUFACTURE, DUTCH PROCESS 
(20 X 20 X 10 ft.) 


Chemistry Department, University of New Mexico, Albuquerque, N. M.: 


“We have a number of exhibits which we keep in a special prepa- 
ration room of our large lecture hall and take them out for use with 
classes in chemistry.”’ 


Brooklyn Children’s Museum, Brooklyn, N. Y.: 


“We have no exhibit showing a phase of chem'stry except a small 
display of the very common elements placed in our Mineral Room 
for convenient reference of the children.” 


The American Museum of Natural History, New York City: 


“There are three exhibits of a chemical nature in the American 
Museum: 1. Inorganic chemistry—a collection of elements, in a 
few instances natural specimens, in most cases artificially prepared 
by chemical processes. 2. Organic chemistry—an exhibit pre- 
sented by the Barrett Company illustrating 200 products derived 
by the destructive distillation of coal—coke, tar, gas and their de- 
rivatives. 3. Food chemistry—an exhibit showing the composition 
of the human body, sources of energy in food, energy expenditure of 
the human body under differént conditions.” 
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Department of Chemistry, College of the City of New York, New York: cl 
“Our chemistry museum consists of a group of exhibits and ma- ve 
terials used for lecture demonstrations, mainly in general chemistry. tt 
We have a few pieces of old chemical apparatus such as might have 

been used fifty years ago. We also have in this building a fine collec- A 
tion of minerals donated by the late M. Morgenthau.” 8 
Dept. of Geology and Mineralogy, Columbia University, New York City: red 
“The exhibited minerals in the Eggleston Mineralogical Museum han 
at Columbia University would not qualify as a strict exhibit of chem- vers 

istry, though minerals are chemical compounds. The museum d 
contains some 40,000 mineral specimens arranged systematically, - 
and includes a large number of mineral species. It is surely to be tion 
classed among the major collections in colleges and universities in be ‘ 
the United States.” T 
College of Arts and Sciences, University of Rochester, N. Y.: app 
‘“‘We have attempted to show in the Hall of Geology the combination witl 
of elements to form various minerals which in turn are brought to- and 
gether to form a rock such as granite. In an exhibit illustrating eve 
the feldspars, the several feldspars have labels showing their chemical hel 
formulas and also a triangular diagram showing the areas of the de 


different types of feldspars from the point of view of their various 
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chemical formulas. In the Hall of Biology is an exhibit showing 
elements which are found in plants and animals and describing the 
functions of these elements.” 


Rochester Museum of Arts and Sciences, Rochester, N. Y.: 

“Ves, we have exhibits: (1) chemical elements; (2) combinations 
of chemicals; (3) practical uses of chemicals; (4) frequent special 
exhibits.” 

The Franklin Institute, Philadelphia, Pa.: 

“In the new Benjamin Franklin Memorial and Franklin Institute 
Museum now in course of construction we shall have a large section 
devoted to chemistry. In it we shall attempt to show all the funda- 
mental principles of chemistry and their applications in industry, 
manufacturing and science. A year from this time we shall be able 
to give a very concrete report concerning our chemical exhibits.”’ 


Division of Mineralogy, U. S. National Museum, Washington, D. C.: 

“In connection with the arrangement of mineral exhibits to co- 
ordinate with the chemistry involved, the separate exhibits of min- 
erals, ores, rocks and geological specimens are arranged in such 
manner as to show the geo-chemical processes and associations. 

“The systematical mineral exhibit consists of a series of 14 cases 
containing over 1500 mineral specimens arranged according to the 
chemical composition and crystal habit of the minerals. Several 
large cases illustrate the effects of weathering, vein formation and 
deposition from solution or from a magma. Some 1800 rock speci- 
mens are grouped under their respective types, such as metamorphic, 
igneous and sedimentary, each type being arranged by the standard 
chemical and textural classification. 

“Classes of students from high schools, private schools and uni- 
versities in this and neighboring cities as far away as Baltimore visit 
the collections yearly in large numbers.” 


A large proportion of the replies received from this canvass emanated 
from colleges and universities, giving evidence that visual aids are being 
recognized more and more as of value in higher education. On the other 
hand, an ever-increasing number of museums for the general public are 
recognizing the importance of chemistry and the chemical industries for 
demonstration. No subject is better adapted to experimental demonstra- 








tion nor more in keeping with the spirit of the times, which demands to 
be “shown.” 

The survey of existing exhibits confirms a belief that chemistry and its 
applied industries are suitable for demonstration in all museums concerned 
with science and industry, including children’s and public museums up to 
and through all the intermediate schools, colleges, and universities and 
even beyond, to research material for the highly trained specialist, exhibits 
being of graded character adapted to the purpose for which they are 
planned, whether elementary, intermediate, or highly technical. 
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By inclusion of mineralogical and geological exhibits within the survey, 
emphasis has been laid upon the debt which these two sciences owe to 
chemistry as demonstrated by special exhibits, grouping, and labeling, 
Moreover, since chemistry forms an essential part of so many industrial 
processes, special exhibits of chemical phases of an industry might appro- 
priately accompany each and every exhibit, rather than to have all chem- 
istry exhibits segregated. 

Since many exhibits are furnished free of cost by manufacturers, de- 
mands may reach enormous proportions. A very recent report by J. H. 
McCracken gives the number of private and state-controlled colleges as 
657, of junior colleges as 481, or a total of 1138. Add to these the much 
larger number of high and preparatory schools, church and special schools, 
and of ambitious individuals, and the total becomes appalling. The logical 
place to put exhibits on location for the greatest good to the greatest number 
is in a museum. A museum may serve as a place of assemblage for ma- 
terial too scarce, too valuable, or too bulky for transport and can also 
function as a loan center for smaller exhibits suitable for schools, colleges, 
societies, and other civic purposes. 

Finally, the character of museum exhibits is vastly changing. There is 
action, light, color, and life where formerly rows of bottles or other articles, 
as dead as the shelves upon which they rested, were totally lacking in power 
to attract and instruct the type of observer or student with which we now 
have to deal. 

A few museums in the United States now have the better sort of chem- 
istry exhibits and it is certain that others will speedily follow, in a country 
which is reported to be setting the pace in the use of the museum as a radi- 
ating center for general scientific education, not the least part of which is 
chemistry. 


Cw, 


RECENT PROGRESS AND CONDITION OF MUSEUMS IN THE 
UNITED STATES 


Chapter XXII of the Biennial Survey of Education in the United States, 1928-30, 
issued by the Office of Education of the U. S. Department of the Interior (Bulletin, 1931, 
No. 20), is entitled ‘‘Recent Progress and Condition of Museums.” It is for sale by the 
Superintendent of Documents, Washington, D. C. The table of contents is herewith 
printed: I. Statistics of public museums: fields; income; control; distribution by 
size of community; geographic distribution; buildings. II. Statistics of university, 
college, and school museums: fields; buildings. III. The number of museums. IV. 
Comparison of state and regional development. V. Trends in museum work: out- 
door museums; branch museums; museums in small communities; progress in exhi- 
bition; museum instruction; public relations; national and international work. 
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A “LIVING” PERIODIC CHART OF THE ELEMENTS* 


Harriett H. FIL_incer, Hoiiins CoLiecE, HOoLiins, VIRGINIA 


A modern revision of the Mendeléeff periodic chart has been duplicated in 
the form of a large display cabinet for the elements and their ions. FPlate- 
glass shelves form the horizontal lines between the different series of the chart. 
A small glass bottle containing a sample of each element sits in its proper com- 
partment so that the cabinet appears as a wall chart plus an actual sample of 
the element. Samples of sixty-five of the ninety-two elements are now in the 
cabinet. The cabinet also contains solutions of the salts of the elements showing 
the characteristic colors of the tons. 


We have designed a large periodic chart display cabinet which may prove 
of interest to chemistry departments in other colleges and universities. 
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The accompanying photograph will show that the cabinet is a reproduc- 
tion of a revised Mendeléeff chart of the elements, but a brief description 
of it will clarify some of the points about the cabinet and some of the ideas 
we had in building it. 

* Presented at the Virginia Academy of Science at its meeting at Hollins College, 
April 22-23, 1932. . 
1807 
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By outside measurements the cabinet is 165 cm. by 200 cm. with a depth 
of 10.5 cm. A copy of the periodic chart was painted in black by a local 
sign painter on a white enameled back prepared by the cabinet maker be- 
fore the cabinet was built onto it. Plate glass shelves mark the horizontal 
lines between the series of elements and a sliding plate glass door protects 
the materials of the cabinet. The framework of the cabinet is wood with 
mahogany finish. 

The section allotted to each element is sufficiently large to accommodate 
several bottles on the shelf of each ‘“‘compartment”’ without hiding from 
view the number, the symbol, or atomic weight of the element. The 
samples of the elements are in 30-gram glass-stoppered bottles or in sealed 
tubes in these bottles. At the present time there are samples of sixty-five of 
the ninety-two elements in the cabinet. Samples of solutions of salts of 
the elements in which the elements occur alone in either the positive or 
negative radical of the compound sit in 8-gram glass-stoppered bottles 
beside the bottles containing the elements. The student can, therefore, see 
the colors of the ions of the elements as well as the free elements when 
studying the periodic chart. 

Since the accompanying photograph was taken a set of blank radium 
tubes, and solutions of several salts have been added to the cabinet. The 
set of radium tubes consists of the following: a glass tube filled with 
phosphorescent zinc sulfide which is an exact replica of a twenty-five 
milligram radium tube, a screw-cap silver protective tube, a screw-cap 
brass screen tube into which the silver tube fits, and a lead storage cylinder 
for the whole which has a wall one cm. thick. 

One of the special features of the display is the arrangement of the 
samples of five of the rare gases of the earth’s atmosphere, or the zero 
group of elements. These gases are in partially evacuated tubes made by 
a local neon sign company spelling the symbol of each of these elements and 
are electrically connected so that the colors produced by an electric dis- 
charge through the tubes may be seen. Incidentally, we find that these 
tubes accompanied by a small direct vision spectroscope give a most con- 
venient method of demonstrating bright-line spectra to large groups of 
elementary students. 

Allotropic modifications of carbon, phosphorus, and those of sulfur suf- 
ficiently stable to remain at room temperature for a few days are in the 
cabinet. Rhombic sulfur is, however, the only one of the last-mentioned 
which we shall attempt to keep permanently in the cabinet. It is hoped 
that allotropic forms of other elements can be put into the cabinet at some 
time in the future. ’ 

In order to increase the value of this display as a tool for study a large 
chart giving some of the uses of the free elements has been prepared by 

(Continued on page 1810) 
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COMPARATIVE COST OF SOAPS AS WATER SOFTENERS. 
A FRESHMAN EXPERIMENT IN CHEMISTRY* 


O. E. Lowman, Iowa StaTE COLLEGE, AMES, IOWA 


The object of this experiment is to determine the comparative cost of different 
brands of soaps as water softeners by measuring the soap-consuming power 
of the waters tested. Directions are given for making up alcoholic solutions 
of the different brands of soap so that each cc. contains 0.01 gram of soap. 
Titrations of water are made according to directions found in standard meth- 
ods and a formula is given for computing cost of soap per liter or gallon. 


It was thought it would be of interest to teachers of freshman chemistry 
to know about an experiment we have conducted in one of our freshman 
chemistry classes concerning the comparative cost of soaps as water 
softeners. It is not the object of the experiment to determine actual hard- 
ness of the water in terms of calcium, magnesium, etc., but to measure the 
soap-consuming power. From these data the comparative cost for the 
various brands of soap used may be computed for the waters tested. 

After the instructor and class have decided on the different brands of 
soap to be tested, the alcoholic solutions are made up to a concentration 
0.01 g. of soap per cc. First, weigh each bar to the nearest gram, then 
shave off exactly 5 g., dissolve in 100 cc. of 80 per cent. alcohol and 
allow to stand for at least one day. It should then be diluted with 400 cc. 
of 70 per cent. alcohol, bottled and labeled as to brand of soap, weight of 
bar, and weight of soap per cc. The solution is now ready for use. Pure 
castile should. be one of the brands selected since it is used as a standard to 
determine total hardness by soap method in standard methods of analysis.' 

The experiment should be conducted according to directions given in any 
volume of standard methods for water analysis. If the usual glass- 
stoppered, 250-cc. bottles are not available, other bottles may be used 
but they must be of uniform size and shape in order for the results to be 
comparative. Care must be taken to avoid the magnesium or false end- 
point but it is not necessary to dilute the water sample even though it re- 
quires considerable soap solution since the experiment attempts to measure 
only the soap-consuming power of the water. 

Samples of boiled distilled water should be titrated along with the 
samples of hard water. This will show the amount of soap necessary to 
produce a lather in a soft water. Checks should be run in each instance in 
exactly the same manner. If possible, it is well to have at least two 
students run the same sample of water in order to compare accuracy of 
work. Care should be taken that the burets are read accurately. 


* Presented before the General and Physical Chemistry Section of the Iowa Acad- 
emy of Science at Cedar Falls, Iowa, April 29, 1932. 

1 “Standard Method for Examination of Water and Sewage,”’ 4th edition, American 
Public Health Association, Boston, Mass., 1920, pp. 31-2. 
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From the data secured by the titrations, each student should compute 
the volume of soap solution required to soften a liter of water sample, 
the number of grams of soap required and the cost per liter. These values 
may be converted into gallons by multiplying by the factor 4 < 1.0567. 
Our students have worked out a formula in which the various values may 
be substituted and when solved will give the cost in cents per liter. It is as 
follows: 


5/500 X ce. of soap solution required X 20 X cost of bar in cents 


weight of bar in grams = cost in cents per liter 





This furnishes a satisfactory problem for the class. 

The instructor should collect from the students the data secured con- 
cerning the different brands of soap tested. This should be compiled 
in a single table in order that the comparative values may be easily seen. 
If any of this data is made public, it is well to designate the different soaps 
by letter rather than by name of brand of soap. This precaution will 
avoid a disturbance among the local soap retailers. 


OK, 


(Continued from page 1808) 


the general chemistry class to hang at one side of the cabinet. In design 
this chart is a smaller copy of the periodic table with some of the uses of 
the free elements listed in the rectangular block devoted to each element. 
This “‘living’’ chart of the elements is proving to be not only a beautiful 
display, but also a valuable instrument of study. When convenient to do 
so students are studying this ‘‘chart” rather than the ones in their texts 
or the ones in the lecture room or laboratories. Students and friends have 
contributed samples of some of the elements to the cabinet, which has 
greatly increased the interest and pride of the students in the work. In 
fact, the author does not know of any equipment in the department which 
has stimulated as much interest in the work of the department as this proj- 
ect has created. 


Note: The author will appreciate information which will lead to the loca- 
tion of any of the ‘‘missing elements’’ or allotropic modifications of the elements 
at reasonable prices. . 





A NEW CODE SYSTEM FOR DISPENSING QUALITATIVE 
ANALYSIS UNKNOWNS* 


A. Litoyp TAyLor, STATE TEACHERS’ COLLEGE, MURFREESBORO, TENNESSEE 


The composition of the unknown is recorded in code on a ticket which is 
issued with the unknown and later returned with the student's report. A code 
finder, similar in mechanical construction to a slide rule, marked with symbols 
of elements and radicals on the central slide and consecutive numbers on the 
side scales is carried by the instructor. The first number in the code on the 
ticket indicates the position of the key element, known only to the instructor, 
and thus fixes the position of the slide. The following numbers then indicate 
the composition of the unknown. Advantages of the system are: (1) com- 
plete elimination of records; (2) the student report is filed with the grade; 
(3) unknowns can be duplicated without duplication of code number; (4) re- 
ports are easily kept and tabulated; (5) adaptability to all types of unknowns, 
(6) the system cannot be discovered or operated by students. 


Teachers of qualitative analysis ordinarily find that much of their time 
and energy is expended in dispensing, recording, and grading unknowns 
rather than in the actual 
teaching of the fundamentals 
of the course. ‘This is partic- 
ularly true in large classes 
where the codperation of sev- 
eral instructors or of the in- 
structors and the supply-room 
keeper becomes involved. 
The result quite frequently is 
that the entire problem of the - - 
dispensing of unknowns and The ticket as — bye with the 
receiving the student reports 
on them is turned over to the 
supply-room keeper, in which 
case the instructor has no 
knowledge of the contents of 
the unknown and is therefore 
handicapped in aiding the 
student in the laboratory or 
is forced to carry a trouble- 
= packet SO, ; The same ticket as returned by the student 

To eliminate the necessity with analysis report. 
of teaching under these dis- Ficure,1 


























* Presented in part before the Division of Chemical Education of the A. C. S. at 


the Atlanta meeting, April 7-11, 1930. 
1811 





JOURNAL OF CHEMICAL EDUCATION OcToBEr, 1932 


advantages we have worked out the 
system which has been in use in our 
laboratories for several years, in which 
no records are kept by the instructor 
or in the supply room but only ona 
convenient ticket which is given to 
the student with the unknown. (Fig- 
ure 1.) 

The system involves the use of a 
slide-rule type of ‘‘code finder,’’ by the 
use of which the composition of the 
unknown is expressed numerically in 
a code which is recorded on the ticket 
given to the student with his unknown. 
This ticket, which is issued with the 
unknown, is subsequently used by 
the student as a form upon which 
to report his analytical results. The 
code finder we use in our supply room 
(see Figure 2) consists of two station- 
ary scales of 50 equal space-divisions 
and a central sliding scale likewise 

FicurE 2.—TuHE CopE FINDER divided. The left-hand stationary 
scale is numbered downward from 1 to 
25 and repeat, and the right-hand scale from 26 to 50 and repeat. The 
central sliding scale is divided into two columns. In the left-hand column 
in alphabetical order are placed the chemical symbols of the metallic ele- 
ments and in the right-hand column are placed the chemical symbols of 
the acid radicals included in unknowns. The code finder used in the supply 
room is about 24 inches in length and the slide is counterbalanced by a 
weight enabling it to remain in any position and to be easily adjusted. It 
is mounted at the right-hand side of the issue window. For the use of the 
instructor in the laboratory a pocket model about 8 inches in length is 
convenient. 

The operation of the system requires the arbitrary selection of some key 
element by means of which the slide can be placed for decoding. This 
key element will be used ordinarily throughout the course but can be 
changed conveniently at any time if so desired. The operation, which is 
quite simple, is best explained by an example. Suppose we have selected 
potassium as our key element and wish,to read off ‘the code number for an 
unknown containing Ag and Pb. When K, our key element, is placed oppo- 
site the numeral, 6, we see that 18 and 13 are opposite Ag and Pb, respec- 
tively, hence, placing our key number first, the code number of the unknown 
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is 6-18-13 or 6-13-18. This 
number is then written on 
the ticket and placed in the 
top of the test tube contain- 
ing the unknown. Had we 
placed our key element K 
opposite 10, the code number 
for the same unknown would 
have been 10-22-17 or 10-17- 
22. In the same manner 
other code numbers desig- 
nating the same composition 
are 14-21-1, 16-3-23, 1-8-13, 
13-20-25, etc. With two 
elements in the unknown 
there are 50 possible code 
designations and with three 
elements, 150 different desig- 
nations are possible, yet each 
code number can represent 
only one definite composition. 

The code number, deter- 
mined in the manner de- 


QUALITATIVE ANALYSIS UNKNOWNS 























FIGURE 3.—UNKNOWNS WITH TICKETS READY TO 
BE DISPENSED 


scribed above is written on a small ticket, about 11/2 inches by 21/2 inches 
(Figure 1) which can be easily rolled and placed in the top of the test tube 


containing the sample given to the student. 


No duplicate is kept in the 


supply room. The ticket is preserved by the student and is used as a 
form for his analysis report when it is returned with his signature to the 
supply room. The supply-room keeper checks his report against the 
code using the code finder, marks on the ticket the correctness of the 
analysis, and drops the ticket into a ‘‘ballot box’’ where it remains until 
it is desired to tabulate the results. 

In practice it will be found convenient, where there are large classes, to 
make up a quantity of the unknown sufficient for several samples and then 
divide it into portions of suitable size for dispensing. The slide is then 


set and the code is read off for one ticket. 


Additional tickets for the re- 


maining samples of the same composition can then easily be made by adding 


the same amount to each number in the code. 


Thus, suppose the first 


ticket were numbered 10-22-17, the next could be numbered (by adding 1) 


11-23-18. Others would be: 


(add 3) 13-25-20; (add 5) 15-27-22, etc. 


Another series of different composition is then made up and coded in the 
same way. All unknowns belonging to one group of metals are placed 


in a container together and are dispensed to the student by the supply- 
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room keeper without reference to the composition of the unknown. Thus, 
many unknowns can be made up in advance and quickly dispensed to the 
students in a rush hour. A group of unknowns with tickets ready to dis- 
pense is shown in Figure 3. 

One of the most attractive features of the system is the amount of work 
saved the instructor by having the student report his results directly to the 
supply-room keeper. At any convenient time the instructor can collect the 
results in tabular form to determine the standing of the class. About 3 
hours’ work has been found sufficient to tabulate the reports made by a 
class of 100 students where each student reported 20 unknowns. 

After using the system on several large classes we have found that it 
possesses these advantages over other systems: 

1. There is no record book to be lost or perused by students if it is 
mislaid. 

2. The student reports his analysis on the ticket issued with the un- 
known and his grade is marked on this ticket which is filed in the supply 
room. 

3. Each unknown is dispensed with a code number which indicates its 
composition. 

4. The unknowns are dispensed impartially without reference to the 
students’ abilities. 

5. Unknowns of the same composition can have very different code 
numbers but a given code number can represent only one composition. 

6. An instructor by the use of the pocket-model code finder can easily 
determine the composition of a student’s unknown while he is assisting 
the student in the laboratory, even though he did not issue the unknown (it 
being understood that he confidentially knows the key element). 

7. A student cannot decipher the code either from analyses he has made 
or by comparison of tickets with other students, nor could he operate the 
code finder without a knowledge of the key element. 

8. There is no possibility of information being inherited from one class 
to another, for, should the system become known, both the key element and 
the position of the key number can be changed. 

9. The system is flexible and can be used for either acids, metals, or 
both acids and metals together in wet or dry unknowns. 


Note: Those interested in securing further information in regard to the 
code finders used in this system may communicate directly with the author or 
with Central Scientific Co., Chicago, IIl. 












MICRO METHODS IN GENERAL CHEMISTRY* 


E. V. Hjort AND H. E. Woopwarp 








UNIVERSITY OF PITTSBURGH, PITTSBURGH, PENNSYLVANIA 





Micro methods are becoming so important that it has seemed appropriate to 
begin training students to handle small amounts of material early in their 
careers. An experiment of this nature has shown that there is an economy of 
time, space, and material. The pedagogical advantages are also significant. 
Teachers faced with the necessity of cutting expenses without cutting the quality 
of work may well consider such methods. 












The modern tendency in the chemistry laboratory is in the direction of 
the application of micro methods. 

The term ‘‘micro methods’”’ is used to designate not only procedures in- 
volving the use of the microscope, but includes all methods in which very 
small quantities of material are used. Although the Curies worked with 
tons of ore, their work on the discovery of radium was on a micro scale, 
since means had to be applied to detect very minute quantities of the ele- 
ment. In the field of organic chemistry the application of quantitative 
analysis is well established. Methods for micro qualitative analysis have 
been worked out and are rapidly gaining favor. 

This paper is a preliminary report on the application of these methods to 
the teaching of a course in general chemistry. 

The advantages of micro methods consist in economy of time, material, 
and space. In addition to these advantages, the use of such methods in the 
general course serves to start preparing the student for micro work at the 
very outset of his career. 

From a pedagogical standpoint the time element is an important factor. 
If a student can make similar tests by micro methods in considerably less 
time than by macro methods, it follows that he can cover more material in 
the course of a given period of time. It may in some cases be found prefer- 
able to decrease the cost of the course by decreasing the number of hours of 
laboratory instruction. 

The authors have found that the material usually given by macro 
methods in two semesters can be covered more thoroughly in approximately , 
one semester. This leaves the second semester available for additional 
work in such fields as inorganic preparations, elementary experiments of a 
physico-chemical nature, or qualitative analysis. The micro technic is 
easy to acquire and when proficiency is attained, individual tests may be 
performed very rapidly. 

A very common source of trouble in teaching a first course in general 
chemistry is the difficulty of persuading the student that he should avoid 






























* Paper No, 248 from the Department of Chemistry, University of Pittsburgh. 
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the use of too much reagent, not only for reasons of economy but because 
secondary reactions are more likely to occur with such excess. Chemical 
reactions take place between ions, or atoms and molecules, and theoreti- 
cally, at least, only a few such groups are required for a reaction to occur. 
Practically, of course, sufficient material must be used so that the change 
may be observed. In most cases single drops of reactants are sufficient 
for this purpose. For example, if a drop of dilute ammonium hydroxide is 
added to one of copper sulfate on a microscope slide, the precipitated cupric 
hydroxide is easily visible. An extra drop or two of ammonium hydroxide 
shows the re-solution of the precipitate to form the copper-ammonia 
complex. 

It is often difficult to teach a student to keep his apparatus clean. 
Cleanliness is essential for good micro work. Thus, one speck of an im- 
purity is a much larger percentage in a single drop of reagent on a slide than 
it is in a beaker of liquid. Also, traces of grease on a slide make difficult 
such operations as micro decantation and filtration. It is no small ad- 
vantage that with the use of minute amounts of material, odors are elimi- 
nated or greatly reduced, and the hazards of explosion, fire, and poisoning 
are negligible. 

For the most refined micro work, costly apparatus and a degree of 
manipulative skill are required that are out of place in working with 
beginning students. It was therefore decided that only the simplest ap- 
paratus was to be used. This apparatus consisted essentially of micro- 
scope slides, crucibles (2-cc. capacity), test tubes (8 mm. X 45 mm.), a 
small hand centrifuge, and sundry equipment made by the students from 
glass tubing. Occasional use was found for larger test tubes, beakers, and 
flasks. It is obvious that the number of these larger pieces is greatly 
reduced, and expensive equipment, such as condensers, is entirely elimi- 
nated. 

The chemicals were essentially the same as those used in the regular 
course, but the quantity required was much less. Thus, in the use of solid 
reagents, a quantity the size of a pinhead was usually ample, and the stand- 
ard size solution was a drop. 

The work was done in the regular freshman laboratory, although the 
space actually required was considerably less than for the macro course. 
The locker space per student in the micro course could easily have been cut 
in half. There was also considerable saving in stockroom space. The cost 
of the course has not been computed, but the use of smaller quantities of 
chemicals and smaller equipment must necessarily have resulted in an 
appreciable saving. , 

None of the methods used were new, but were adaptations of methods 
described in the literature. (See Bibliography.) A few illustrative ex- 
amples follow: 
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Precipitation tests are made on a microscope slide or a spot plate. 
Filtration may be carried out by a micro method, but it is usually 
an advantage to make the separations in a centrifuge. The resi- 
due may be washed by stirring with the washing liquid and again 
centrifuging. 

A distillation can be performed in a crucible, receiving the vapors 
in a drop of liquid hanging from the under side of a microscope 
slide which is placed over the crucible. Thus, in the test for am- 
monia, the ammonium salt is placed in the crucible together with 
one drop of sodium hydroxide. Gentle heat is applied and the 
evolved ammonia distils into a drop of water on the slide contain- 
ing an indicator. Similarly, the action of sulfur dioxide of per- 
manganate can be tested by receiving the gas in a drop of dilute 
permanganate solution. 

Sublimation can be carried out in a glass tube sealed at one end or 
inacrucible. In the latter case the sublimate is received on a glass 
slide placed over the crucible, or on the under side of a watch glass 
in which is placed a piece of ice. 

Reactions requiring the passing of a gas over a solid (for example, 
the reduction of copper oxide by hydrogen or the bleaching of 
colored cloth by chlorine) may be carried out by placing the solid 
in a short length of 4-mm. glass tubing and connecting this directly 
to the gas generator. 

In place of the usual Kipp or other type of gas generator, the 
student may make his own from a six-inch test tube with a delivery 
tube attached. A U-tube, with acid in one arm, separated by a 
porous plug from ferrous sulfide in the other arm, serves as a con- 
venient generator for hydrogen sulfide. The acid is brought in 
contact with the solid by tilting the tube and the evolved gas 
escapes from a delivery tube in the arm containing the ferrous 
sulfide. 


The work has been in progress at this University for three years. The 
first two years were devoted to small groups, doing the same experiments 
in the same laboratory with larger groups. During the past year a section 
of forty-six students devoted one and one-half semesters to micro experi- 
mentation, the experiments being especially written so as to be adapted to 
this work. The question is frequently asked: ‘‘Does the micro work unfit 
the student for handling larger equipment?’ To answer this, half of the 
second semester was devoted to experiments as usually performed. The 
students showed no inferiority to students who had been working with the 
regular macro equipment during the whole year. 

On the whole, the authors feel that the micro course has been an ad- 
vantage to the student in training him in habits of closer observation. 
The interest in the work has been excellent and many valuable suggestions 
have come from the students themselves. 

During the coming year it is planned to give each student an individual 
set of reagents in small vials set in a wooden block. It is expected that a 
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considerable saving of time will be effected thereby, in that the student wil] 
not waste his time in running to the side shelf for materials. It is also 
planned to make a more quantitative study of time consumed and actual 
cost as compared with the regular course. 

The authors are convinced that by the use of the micro method, chemis- 
try may be made available to schools which now feel they do not have the 
space or cannot afford the macro equipment. After the first cost of equip. 
ment is paid the upkeep cost will be low, and any room equipped with 
water, gas, and electricity will serve as a laboratory. 
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determinations are tabulated. 


Method 


It is a well-known fact that the gram- 
molecular weight of a substance in the 
gaseous state occupies a volume of 22.4 
liters at O°C. and under a pressure of 76 
em. Hg (1). It follows that the deter- 
mination of the molecular weight of a 
substance may be effected by determining 
the volume of a known mass under definite 
conditions of temperature and pressure. 
This is the well-known method of Victor- 
Meyer (2), (3). Apparently the method 
has not been adapted to the determination 
of the molecular weight of extremely small 
quantities of material. 

One of the authors (4) has described a 
modified Meyer apparatus for use with 
small quantities of material that is readily 
constructed of regular laboratory stock and 
combines ease of manipulation with a sav- 
ing in space. In this paper an apparatus 
is described that admits of molecular- 
weight determinations of extremely small 
samples, 7. e., true micro quantities. 


PRINCIPLE OF THE METHOD 


A small tube whose volume is accurately 
known is filled with dry, pure mercury and 
inverted in a small porcelain crucible also 
filled with mercury. A small bulb con- 
taining the sample whose molecular weight 
is under investigation is allowed to float to 
the top of the mercury-filled tube. The 
tube and crucible are now immersed in a 
1819 


MICRO-MOLECULAR-WEIGHT DETERMINATION BY VAPOR- 
DENSITY METHODS 


EUGENE W. BLANK AND Mary L. WILLARD 
THE PENNSYLVANIA STATE COLLEGE, STATE COLLEGE, PENNSYLVANIA 


This paper presents three simple methods for micro-molecular-weight deter- 
mination based on vapor-density and pressure relations. 


1. Micro-Molecular-Weight Determination by the Victor-Meyer 


Results of typical 
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FiIGuRE 1—GENERAL AR- 
RANGEMENT OF APPARATUS FOR 
Micro-MOoLECULAR-WEIGHT DE- 
TERMINATION BY THE VICTOR- 
MEYER METHOD 
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liquid bath that can be gradually heated. The temperature of the bath is 
slowly raised until the sample is vaporized and pushes the mercury out of 
the tube to a calibrated mark. After the mercury level inside and out- 

side of the tube has been equalized the 
g temperature of the bath is taken. The 
7] distance from the surface of the mercury 
to the surface of the bath liquid must be 
taken as added pressure on the gasified 
a material. The barometric pressure is read. 
r) From these data, the known weight of the 
& sample weighed on the microbalance and 
the known volume of the tube previously 
calibrated with mercury or water, the 
molecular weight of the material can be 
calculated. 

In arriving at the final pressure exerted 
on the gasified substance the vapor pres- 
sure of the mercury may be neglected at 
temperatures under 200°C. as less than 
the experimental error. At a temperature 
of 200°C. the pressure is of an order of 18.3 
mm.; at 300°C. it has become 246 mm. (5). 




















DESCRIPTION OF APPARATUS 


A three-liter beaker of water serves as a 
Ficures 2 AND 3.—Construc- convenient bath if the substance boils under 
phe he ay or Gas-MEASUR- the conditions of the experiment at ap- 
proximately 90°C. or less. An air stirrer 
is useful in attaining a constant temperature in all portions of the bath 
but a hand stirrer may be substituted. The general arrangement of the 
apparatus is shown in Figure 1. The confining tube is of approximately 
12 cm. length and 0.6 cm. internal diameter. The lip is slightly flared 
to offer convenience in introducing the sample bottle. For details see 
Figure 2. The tube is calibrated to a mark near the lip so that the mer- 
cury levels can be equalized within the limits imposed by the small porce- 
lain crucible. For precision the 
tube may be drawn out in the ( 2 ri 
manner shown in Figure 3. Ob- 
FIGURE 4.—CONSTRUCTIONAL DETAILS OF 


viously in the use of the latter SAMPLING BULB GREATLY ENLARGED 
tube the volume of the sample 


bottle need not be considered. A sampling bulb is shown in Figure 4. 
This bulb is made as small as possible commensurate with the volume of 
liquid to be weighed. 
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As high-temperature bath liquids one may use glycerin or various salt 
baths. In any case the liquid employed must be capable of being heated 
to a temperature considerably above that of the substance under test 
without ebullition or undue fuming. 


PROCEDURE 


The confining tube is calibrated with mercury at room temperature in 
the usual manner. For very precise work, using the tube shown in Figure 
3, the calibration should be made over the range of temperature en- 
countered with the highest boiling bath. 

For convenience in handling, the calibrated tubes are fastened to a glass 
rod. In the case of a non-corrosive bath liquid this is readily accomplished 
by means of rubber tubing. For work with corrosive bath liquids the 
tube must be fused to the rod. If this is carefully done with a sharp flame 
there will be no distortion of the calibrated tube. 

After calibration the tube is filled with dry mercury and inverted in a 
small crucible of the same material. The tube should be free of air bubbles 
after this operation. 

The sampling bulb is weighed on the microbalance, grasped by means 
of a forceps, and slightly warmed in a micro-burner flame. Its tip is im- 
mediately placed beneath the surface of the liquid under investigation. 
As the bulb cools liquid is drawn in. The operation is repeated as the bulb 
usually does not completely fill on the first trial. A small volume of air 
should be left in the tip of the bulb. Reweigh the bulb. The increase 
in weight is the weight of the sample taken for the determination. 

Grasp the bulb with a forceps, hold it mouth downward over the mercury, 
and touch it with a glass rod heated in the Bunsen flame. The liquid ex- 
pands and when it has completely filled the bulb quickly insert under the 
mercury-filled tube, still mouth downward, and release. The sample rises 
immediately to the top of the tube. Place the tube and crucible in the 
bath and gradually raise the temperature of the latter until the sample has 
vaporized and lowered the mercury to the calibration mark. Equalize 
the mercury levels inside and outside the tube. Record the tempera- 
ture of the bath, the barometric pressure, and the height of the liquid 


TABLE I 
Determination of the Molecular Weight of Several Purified Materials 


Temper- Pres- 
Volume ature Barometric sure Corrected 
Weight, of Tube, Bath, Pressure, Bath, Pressure, Molecular Weight 
c. 


Material g. ce. cm.Hg cm.Hg. cm. Hg Obs. Calc. 
Benzene 0.004160 1.65 86.0° 73.0 1.0 74.0 76.2 78.0 
Acetone 0.008312 1.65 65.3° 73.0 1.0 74.0 57.3 58.0 
Carbon tetrachloride 0.008820 1.65 82.2° 73.0 0. 73.9 160.1 153.8 
Toluene 0.004850 1.65 126.0° 73.6 1.2 74.8 97.7 92.1 

76:60 16 Tha CO Te 


Ether 0.004786 1.65 51.3° 
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above the mercury surface. By raising and lowering the temperature of 
the bath several times the mercury may be made to pass and repass the 
calibration mark. The average of the temperatures corresponding to the 
point of exact coincidence with the calibrated mark may be recorded, 
The molecular weight can now be calculated. 

Several typical determinations are summarized in Table I, p. 1821. 


2. Microscopic Determination of Molecular Weights by the Victor- 
Meyer Method 

The principle of this 
method is simple. A drop 
of the substance whose 
molecular weight is under 
determination is confined 
in a 1.5 to 3 mm. bore 
capillary between two 
drops of mercury. The 
capillary is heated in a 
vapor bath to a tempera- 
ture sufficient to vola- 
tilize the sample. One of 
the mercury drops, the 
other being sealed, takes 
up a new position cor- 
responding to the increase 
in volume of the sub- 
stance in the gaseous state 
at the temperature of the 
experiment. Knowing the 
temperature of the vapor 
thermostat, the diameter 
of the capillary, the dis- 
tance between the drops 
of mercury, and the mass 
of the substance, one can 
readily determine its mo- 
lecular weight. 






































FiGuRE 5.—ARRANGEMENT OF APPARATUS FOR The construction of the 
THE MICROSCOPIC DETERMINATION OF MOLECULAR apparatus is shown in 


WEIGHTS 


Figure 5. The capillary 
is heated in the vapor of a liquid boiling in the flask. A square of wood ot 
cork protects the apparatus from the heat source. Choice of a liquid 
depends upon the boiling point of the substance whose molecular weight is 
being determined. 
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8 the The boiling point of the substance whose molecular weight is to be 
0 the determined is ascertained by the method of Smith and Menzies (6). The 
ded, density of the material is determined by the method outlined by Warten- 
berg (7). 
The sample is confined in a short section of thick-walled 0.5 mm. internal 
ictor- diameter glass tubing that fits snugly in the capillary. For a 0.0011 g. 
sample of benzene this capillary was 6.2 mm. long. A 0.0005 g. sample 
this of the same material occupied a 3.0 mm. length of tubing. The diameter of 
drop the capillary tube having been previously determined under the micro- 
yhose scope, the length of the drop is measured by means of a low-power objective 
inder and micrometer ocular. 
fined A drop of dry mercury is placed in the capillary, and the tube containing 
bore the sample transferred from the microscope stage to the capillary. The 
two tube is slightly inclined and as the mercury drop moves down the tube the 
The sample container is pushed in. When the container is flush with the junc- 
in a tion of the bell and capillary proper, it is followed by a small quantity 
era- of mercury and a plug whittled from a soft wood, e. g., white pine. 
rola- The capillary is mounted in the vapor thermostat in a horizontal posi- 
1e of tion. An organic liquid, whose boiling point is 10 to 15 degrees higher than 
the that of the sample, is placed in the flask. 
akes The diameter of the capillary having been previously determined the 
cor- liquid in the flask is boiled and when the mercury drop has come to rest 
pase the volume occupied by the substance in the gaseous state is measured. 
sub- Too large a sample must be avoided. The volume occupied by the sub- 
tate stance in the liquid state and the volume of the container is subtracted from 
the the gaseous volume in calculating the results. 
the Typical results obtained using this method are shown in Table IT. 
As TABLE II 
dis- Typical Determination of the Molecular Weight of Benzene (C;H<) 
Ops Weight *— pS ig Barometric 
Sample, Volume Vapor, Alcohol, Pressure, Molecular Weight 
ass g. ce. be cm. Hg. Obs. Calc. 
aml 0.0011 0.45 99.0 73.3 76.0 78.05 
10 0.0009 0.37 99.0 73.3 76.4 
0.0005 0.21 99.0 73.3 77.0 
he 3. Micro-Molecular-Weight Determination by a Differential Vapor- 
” Pressure Method 
. Of the existent methods for determination of molecular weights by 
id vapor pressure mention must be made of those advanced by Will and Bredig 
is (8), Barger (9), and Perman (10). Blackman (11), (12) offers a method 






unique in simplicity of apparatus and freedom from technical complica- 








1824 JOURNAL OF CHEMICAL EDUCATION OcroBER, 1932 























a 
ne 








| 
i! 














(4 
ai 

















FIGURE 6.—ARRANGEMENT. OF APPARATUS 
FOR MicRO-MOLECULAR-WEIGHT DETERMINA- 
TION BY A DIFFERENTIAL VAPOR-PRESSURE 
METHOD 


tion. A modification of his 
apparatus and method to meet 
the exigencies of work on a 
micro-scale is presented. 


THEORETICAL 


When equimolecular quan- 
tities of different substances 
are dissolved in equal weights 
of the same solvent, the eleva- 
tion of the boiling point is 
constant. It follows that the 
volumes of two solutions with 
their vapors in communication, 
at equilibrium in regard to 
vapor pressure, will be in- 
versely proportional to the 
number of dissolved molecules. 
This may be expressed by the 
relation, 


M_ Wi Vs 


w7W,*%%, & 

W, and Ws are the respec- 
tive weights of solutes of mo- 
lecular weight M, and M2 dis- 
solved in solvents of volumes 
V, and V2. Simplification of 
the formula is obtained by 
taking W, equal to Wa, in 
which case it reduces to the 
expression, 


M. V: 
un 
If equal volumes of solutions 
containing the same weight of 
different solutes be allowed to 
evaporate to the state of equi- 
librium represented by equa- 
tion (2) the two solutions will 
thenceforth evaporate equally. 
The first few readings must be 
rejected as representing ap- 
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f his proximations to a state of equilibrium. After a state of equilibrium has been 
meet reached the ratio of V2 to V; is a constant for the determination in progress. 
on a 


CONSTRUCTION OF APPARATUS 


Figure 6 shows details of construction of the apparatus used in the 
determination. The bulbs containing the samples of known and unknown 


uan- are made by cutting 10-cc. pipets at the junction of the bulb and stem and 
nces sealing. The bulbs are mounted in a heating bath consisting of a three- 
ghts liter beaker of water. 

eva- PROCEDURE 

t is vepare a solution of a substance of known molecular weight in a solvent 
the which readily dissolves both the known and unknown material. The 
with standard material should have a molecular weight of approximately 100. 
ion, If the molecular weight of the unknown material is found by experiment 
© to be very close to 100 the determination should be checked by using 
52 as standard a substance whose molecular weight is considerably greater 
the than that of the unknown. A suitable concentration for both known and 
les. unknown is effected by using 0.0100 g. material per cc. Two to five 
the cc. of each solution is used for a determination. The solutions are added 


to the bulbs by means of a drawn-out pipet. 
By carefully regulating the temperature of the bath the lower boiling 
solution will boil off before the other to the state of equilibrium repre- 









ec- sented by equation (2). After equilibrium has been attained the solutions 
n0- vaporize at equal rates. 
lis- When the solutions have boiled down to the state of equilibrium (20 to 
1eS 60 minutes), the pipets are withdrawn from the bath, cooled to room i, 
of temperature, and weighed separately on the balance. Since the weight of 
by the solvent is proportional to its volume we may use the weights so ob- 
in tained in the equation after subtracting the weight of the dissolved solute. 
he Results of several typical determinations are shown in Table IIT. 
TABLE III 
Typical Determinations of Molecular Weight Using the Differential Vapor-Pressure 
Method 
Solute Temp. Weight Sol. at 
ns Ist Bulb 2nd Bulb Bath, Equilibrium, g. Molecular Weight 
Solvent (Standard) (Unknown) °C. Ist Bulb 2nd Bulb Obs. Cale. 
of Ether Resorcinol Naphthalene 36.0° 2.31 1.89 134.2 128.06 
to 1.43 1.15 136.3 
‘i- 1.11 0.92 132.8 
i‘ 134.5 Av. 
ll Chloroform Naphthalene Azobenzene 64.2° 2.63 1.82 = 185.1 182.10 
y. 1.79 1.25 184.0 
1.51 1.02 189.9 ' 
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Summary 


The results obtained on various substances are shown in Tables I to III, 
In general the various methods yield accurate values. 

The results obtained with the differential vapor-pressure apparatus are 
good provided no solute deposits on the walls of the bulb and neither sub- 
stance is volatile in the vapor of the solvent. Bumping of the solutions 
while boiling can be prevented by adding several previously weighed plati- 
num tetrahedra to each bulb. 
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AN IMPROVEMENT IN THE VICTOR-MEYER METHOD 


A. R. Ronzio anv K. A. Gacos, UNIVERSITY OF COLORADO, BOULDER, COLORADO 


The classic method of performing the Victor-Meyer experiment for 
vapor-density and molecular-weight determinations is subject to several 
sources of error. 

The small glass-stoppered bottles which contain the liquid to be deter- 
mined will almost invariably allow a small amount of liquid to evaporate 
during weighing. When the bottle is allowed to drop to the heated por- 
tion of the inner tube, the stopper is not always forced out by the pressure 
generated within the bottle even though it has been loosened previously to 
inserting in the upper part of the inner tube. Ifthe bottom of the inner tube 
has not been cushioned from the shock of the dropping bottle, the inner tube 
is sometimes broken. If mercury or a mat of asbestos has been used to ab- 
sorb the shock of the falling 
bottle, difficulty in cleaning 
the inner tube after each 
run is encountered. 

The method outlined 
below has the following 
advantages. No failure 
will ever be encountered 
due to the inability of the ] 
liquid to be evaporated. 
The weight of the liquid 
to be determined can be 
obtained to a high degree Kies (\ 
of accuracy. There is no Rae Se 
danger of the inner tube A 
breaking due to the fall 
of aheavy container, there- 
fore doing away with any asbestos mat or mercury layer. 

Small glass bulbs are blown from 6-mm. tubing as shown in Figure 1. 
Heating of the glass tubing by a pointed flame should be done at the 
point that the arrow indicates and in the direction of the arrow. 

The bulbs are weighed as accurately as is desired, then filled by the 
following method with the liquid to be determined. The body of the bulb 
is first warmed in a luminous flame, then the tip of the capillary tube is 
submerged in the liquid. As the bulb cools, a small drop of liquid is drawn 
into the bulb. The bulb is then again heated until the contents boil, where- 
upon the tip is again immersed in the liquid. The condensing of the vapor 
in the bulb will fill it with liquid. The end of the capillary tube is then 
sealed and the entire bulb is again weighed. The bulb is then suspended 
from a breaker attachment (see Figures 2 and 3). This attachment acts 
as a holder for the bulb and its contents, and as a breaker for the capillary 
1827 
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tube in order to release the bulb and allow it to fall to the heated portion of 
the inner tube. The plunger should be so adjusted that it will not bear down 
on the capillary tube sufficiently to break it and yet enough so that there is 
no danger of the bulb falling out. The complete assembly is then affixed to 
the top of the inner jacket and the experiment performed in the usual manner, 
The capillary tube is broken and the bulb released by pressing on the plunger, 
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FIGURES 2 AND 3 
a—a brass sleeve soldered to the plunger f. 
b—a short length of rubber tubing, preferably wired on. 
c—a rubber stopper. d—a brass tube in which the plunger f slides. 
e—a slot in the tube d which acts as a guide for the plunger. f—the plunger. 
g—the capillary tube of the bulb containing the liquid to be determined. 
h—the upper end of the inner tube of a Victor-Meyer apparatus. 

It is recommended that Hempel burets be used to measure the gas dis- 
placed. As a precaution against possible leakage the reservoir buret 
should be lowered as the air is being displaced, lowering at such a rate that 
the two menisci are always at the same level. The small glass bulbs 


should preferably net exceed 7 mm. in diameter. 
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ADEMONSTRATION: FIXATION OF ATMOSPHERIC NITROGEN* 


Harry L. O_sson, YorK CoMMuNITY HIGH SCHOOL, ELMHURST, ILLINOIS 


Time need not be a factor in gaining educational objectives. The dem- 
onstration of nitrogen fixation by use of the electric arc does not require 
long-drawn-out projects with elaborate set-ups. High-school students 
can acquire an intelligent understanding of the process itself, as well as 
the reactions that take place, by observing a very simple set-up requiring 
only a minimum amount of time and apparatus. 

The arc process lends itself best to demonstration since it is the simplest 
of the nitrogen fixation processes and was the first to be commercially de- 
veloped. Some demonstrations of this process require specially blown 
glass bulbs' and furnaces? which are not usually at hand in a high-school 
laboratory. 

For a number of years the demonstration here described has been used at 
York, and it never fails to catch the fancy and interest of the students in 
connection with the studv of the oxides of nitrogen. The fact that such 
important chemical compounds as nitric oxide, nitrogen dioxide, and nitric 
acid may be made from mere air and water is of significance to a high- 
school student. The only apparatus needed is an ordinary induction spark 
coil, copper wire electrodes, Florence flask (Pyrex), test tube, aspirator, and 
six new dry cells. 

Combustion Chamber.—The use of a 500-cc. Florence flask (Pyrex) 
permits visibility. The flask may be easily converted into a combustion 
bulb by the use of acommon blowpipe. Impinge the flame on a spot on the 
side of the flask. When soft, blow through mouth of flask. The glass 
will give away at the heated spot and a small opening will be made which 
can be enlarged by bending out edges, while soft, with a carbon rod or 
round file. Make the hole large enough to receive a No. 1 cork having a 
diameter of five-sixteenths of an inch at the small end. Blow another 
hole diametrically opposite in the same manner. 

Into the mouth of the flask fit a two-holed stopper with two glass tubes, 
one with a right-angle bend leading to the test tube, and one with the end 
curved as in the figure. The tube with curved end should be so adjusted 
that the curve opens downward between the two electrodes. 

The Electrodes.—If platinum wire is not available use copper wire. 
Make a small loop on the inner end to help spread the arc. With a sharp 
knife, cut half way through the cork lengthwise, and insert the electrodes in 
the incisions. Adjust the electrodes in the flask so that there is between 
them a gap of a little more than one-half inch. 

* Presented before the Chemical Education Group of the Chicago Section of the 

American Chemical Society, Chicago, Illinois, February 20, 1931. 
1 Dinsmore, “Laboratory Manual of Chemistry,” Laurell Book Co., New York 
City, 1925, p. 81. 

* WitiraMs, “Fertilizer from Air,” J. CHEM. Epuc., 8, 463 (Mar., 1931). 
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Spark Coil.—An ordinary induction spark coil may be used. A Ford 
coil will serve the purpose though it presents some difficulty in attaching 
terminals. As a source of current use six mew dry cells in series. It is 
important that each cell be new and give its maximum amperage. Adjust 
the coil and electrodes until a continuous spark with a reddish flame follows 
through the blue spark across the gap. A thin, intermittent, or even a 
yellow, continuous spark, does not work well regardless of the capacity 
of the coil. 

The intense heat of the arc causes the nitrogen and oxygen of the air in 
the flask to combine forming NO. The nitric oxide thus formed reacts 
with the oxygen of the air forming brown fumes of NOs. The current 
should be turned on and off intermittently to allow the gases to cool down. 
These intervals should be of one minute duration. Continue thus for 
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| Copper Electrodes 
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three or four minutes. When the flask has filled with brown fumes, further 
study of the process may be made by drawing the fumes into the water in 
the test tube by means of the aspirator. As the NO: is drawn from the flask 
more air enters through the curved glass tube and passes through the arc. 
The reaction of the NO, with the water in the tube will soon give an acid 
test with litmus, and if the action is continued long enough there will be 
enough nitrate ions formed to give the brown ring test, using fresh FeSO, 
and concentrated H2SO,. 

The reactions that probably take place are the common and well-known 
ones usually given in most elementary texts:* 

Nz + O.——> 2NO 
2NO + 0O.—>2NO, 
3NO, + H:,O —> 2HNO; + NO. 
3 DinsmorE, “Chemistry for Secondary Schools,’’ Laurell Book Co., New York 

City, 1925, p. 240. 
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AN AUTOMATIC VALVE FOR A SIPHON 


CLypDE W. ToTTEN 
UNIVERSITY PREPARATORY COLLEGE AND JUNIOR COLLEGE, TONKAWA, OKLAHOMA 


Did you ever start a siphon on a sulfuric acid carboy running into a dis- 
pensing bottle, then be called away ‘‘just a minute,’ only to return and 
find the bottle overflowing and a lake of acid to clean up? If so, you will 
appreciate this simple addition to a siphon which can be used on a reagent 
carboy to deliver the liquid to a desired depth in the dispensing bottle. 
The time you will save in not being compelled to watch and wait for bottles 
to fill from a slowly trick- 
ling siphon will more than 
repay you for its installa- 
tion. 








Description 

The large tube (JL) si- 
phons the liquid from the 
carboy to the dispensing bot- 
tle. The air tube (FK) con- 
nects the air cavity above 
the surface of the liquid in 
the carboy with a point an 
inch below the desired li- 
quid level in the dispensing 
bottle. A loop of rubber 
tubing (G) permits (K) to 
be adjusted to the depth of 
liquid desired in various 
sizes of bottles. The air 
tube is held against the si- 
phon by means of rubber 
bands at (H) and (I). A 
“T” tube (B) affords a branch of the air tube leading to the mouthpiece 
(D). Pinchcocks (A, C, and E) complete the assembly. 
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Operation 

Start the siphon by closing (E), opening (C) and (A), and applying air 
pressure at (D). When the siphon is once completely filled, (C) can be 
kept closed and (E) always open. The slight constriction at (L) keeps the 
siphon full and ready to flow whenever (A) is opened. The siphon flows 
until the level of the liquid in the bottle rises to (K). Then the vacuum 
created in the carboy by the siphon draws the liquid up into the air tube 
until the head of liquid balances the vacuum. Then the siphon stops auto- 
matically. Incidentally, if the liquid level should for some reason fall 


below (K), the siphon will flow and stop as before. 
1831 












APPARATUS, DEMONSTRATIONS, AND LABORATORY PRACTICE 


The demonstration of the Solvay-soda process in the classroom. H. RHEINBOLDT 
AND L. BEUMELBURG. Z. phys. chem. Unterricht, 45, 100-6 (May-June, 1932).—Due 
to the economic importance of the Solvay-soda process it seems desirable to demonstrate 
it in the classroom. All the set-ups devised so far give imperfect results. By means 
of the apparatus shown it is possible to obtain a satisfactory yield of sodium bicarbonate 
from NaCl, NH3, COs, and H2O within 20 to 25 minutes. 

The apparatus consists of a Liebig condenser (length 60 cm., inner diameter 4 cm.) 
with a jacket (length 50 cm., diameter 6 cm.) which is constricted at both ends so that 

it can be joined tightly to the inner tube with rubber tubing. 
The apparatus is suspended vertically from aclamp. A glass 


os medium filter (diameter 30 mm.) is introduced through a rub- 
ber stopper into the inner tube. The lower end of the glass 
a) filter is attached with pressure tubing to a piece of glass tub- 


ing bent three times and leading to a CO, tank. The upper 
end of the apparatus is fitted up with a 3-holed rubber stopper. 
Through one hole there is introduced a piece of glass tubing 
bent at a right angle. The long vertical end of this piece of 
tubing must be so long that when the apparatus is filled 
with 250 cc. of solution the end will extend to 3 to 4 cc. below 
; the level of the solution. The horizontal end leads through a 
we b safety flask and a bubble counting flask (filled with mercury or 
A high-boiling paraffin oil) to a source of NH;. Through the 
second opening glass tubing is introduced, bent as indicated 
and dipping into a tall cylinder filled with a saturated solu- 
tion of NaCl (316 g. per 1. at 15°C., complete saturation is 
essential). A thermometer reading up to 50°C. is introduced 
through the third opening. (The thermometer is not shown 
in the drawing.) At the conclusion of the experiment the 
glass filter must be cleaned at once with dilute acid and water. 

Demonstration Experiment. Close the pinchcock, pass 
a slow stream of carbon dioxide through the apparatus, 

and start the flow of the cooling water. Fill the inner tube 

with 200 cc. of saturated NaCl solution and 50 cc. of distilled 

— H.O. Increase the flow of CO: until the gas bubbles appear 

milky. At the same time open the pinchcock and let NH; 

enter the apparatus. Regulate the flow of CO: in such a way 

that a small current continuously leaves the apparatus; regu- 

late the current of NH; in such a way that the absorption of 

the gas can be heard distinctly; regulate the flow of the cooling 

water so that the temperature remains at about 30°C. Without cooling the temperature 
would rise to 80°C. Note that the volume of solution increases greatly. 

After 10 minutes interrupt the flow of NH; by closing the pinchcock and continue 
introducing CO, for another 15 minutes. The absorption of CO: decreases greatly about 
20 minutes after the beginning of the experiment and practically stops 5 minutes later 
due to the precipitation of NaHCO ;. Filter off the salt, wash it with ice water, dry on 
unglazed porcelain or between filter paper, and finally in a moderately warm place or 
with alcohol and ether. The resulting product consists of beautiful large crystals, is 


Volume of Solution: 250 cc. = 63.2 g. NaCl 
Current of NH3: 10 min. 
Temp.: About 30°C. 
CO: Allowed to Total Time 






































Stream, Stand, of em, Yield of NaCl 
Min. Min. Min. . g. 0 
17 5 22 17 18.5 
25 se 25 25 27.5 
25 a 25 23 25.5 
25 60 85 30 33.0 
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very pure, and nearly free from chlorides. A few typical results are summarized in the 
table at the bottom of p. 1820. 

Laboratory Experiment. Introduce a slow stream of CO, through the glass filter, 
fill with 230 cc. of saturated NaCl solution and 95 cc. of 25% NH,OH (specific gravity 
0.91 at 15°C.). The resulting solution contains NaCl and NH; in the ratio of 1: 1.02 
corresponding to a NaCl content of 223.7 g. per 1. against 276 g. per 1. of a saturated 
solution. Increase the rate of the CO, stream until the bubbles appear milky; keep the 
temperature down to 30°C. by regulating the flow of water. The NaHCO; appears 
within 20 to 25 min. from the beginning of the experiment. Large crystals are obtained 
and can be dried as above. The table given below summarizes the results of a number 
of experiments. 


Volume of Solution: 325 cc. = 72.7 g. NaCl 
COz Allowed to Total Time 
Stream, Stand, of Experiment, Yield of NaCl 
No. Min. Min. Min. g. % 
1 15 2 17 17 16.5 
2 15 10 25 18 Ee 
3 15 60 75 23 22 
4 18 1 19 Té 16.5 
5 18 60 78 32 30.5 
6 20 2 22 19 18 
7 21 1 22 21 20 
8 25 1 26 22 21 
9 25 1 26 23 22 
10 25 60 85 35 33.5 
11 25 24 hours 24 hours 38 36.5 
12 26 24 hours 24 hours 39 37.5 


LS; 

A simple set-up for making water gas, generator gas, and carbon monoxide. W. 
FuorKE. Z. phys. chem. Unterricht, 45, 162-3 (July—Aug., 1932).—The formation 
of water gas requires a temperature of 1000°C. Such a temperature can be obtained 
with a single Tekla burner provided with a wing top, heating charcoal (diameter 1 to 2 
mm.) located in a porcelain 
or quartz tube (interior 
diameter 6 mm., outer di- 
ameter 8 mm., length 20 
em.) which is passing 
through a small oven that 
can easily be constructed 
from sheet tin and asbestos. 
A 10-em. long layer of coal 
is necessary. The water 
vapor is obtained in an 
Erlenmeyer flask provided 
with a vertical and a rec- 
tangular outlet; the vertical 
tube serves as a safety out- 
let while the rectangular c a 
tube is connected to the 
horizontal tube in the oven. 


























a—Oven case cut from tin plate and riveted together 


The other end of the hori- b—Cross-section, side view 
zontal tube is connected c—Cross-section, front view 
d—Oven 


to a measuring gasometer cheese sine F ‘ 
placed in the sneking posi- The inside of the oven is lined with asbestos. A piece 


tion. About 400-500 cc. of of asbestos is also used for covering the oven. 

water gas containing about 

5% of CO, (the same concentration of carbon dioxide is obtained in industry) can be 
collected within 4 min. The high temperature of the water gas flame can be demon- 
strated by holding a platinum wire (0.1 mm. in diameter) in the flame; the tip will 
melt to a ball. 

A 10-cm. long layer of coal is also required for the reduction of COz. To conduct 
the experiment quantitatively connect a measuring gasometer filled with CO: to one 
side of the tube and a second gasometer in the sucking position to the other end. When 
the CO, is passed through the tube at the rate of 100 cc. per minute the resulting gas 
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mixture contains only 6% of CO». The amount of coal indicated above is sufficient to 
let a l-cm. high flame from a 6 mm. glass tube burn for 5 to 10 min. 

To make generator gas employ a longer layer of coal, use a tube having a length of 
35 em., an oven which is twice as long as the first one, and two burners with wing tops, 


L. S. 

Carbon dioxide. R. B. Wates. Pop. Sci. Mo., 121, 60-1 (Aug., 1932).—The 
experiments suggested in this article are all of the well-known type but it is worth any 
teacher’s time to scan it for the clever home-made set-ups suggested. The most in- 
teresting of these are; a balance sensitive to the difference between air and carbon 
dioxide densities; improvised graduate holder, gas valve, and funnel. B. C2 

The purification of mercury. M. ZuppKE. Z. phys. chem. Unterricht, 45, 161-2 
(July-Aug., 1932).—The usual methods of cleaning mercury with nitric acid or potas- 
sium dichromate are unsatisfactory on account of oxidation and subsequent loss of the 
element. It is much better to remove impurities by oxidation in a current of air. The 
two pieces of apparatus shown are very efficient. 

In using the apparatus of Figure 1 turn the side tube up, fill the bottle about half 
full with impure mercury, and draw a rapid stream of air through the liquid. After 

a few hours all contami- 

nations are oxidized and 

float on top of the mer- 

pears i Suction Pump ~ cury as brownish black 

( Suction Pump powder. If the atmos- 

f phere is very humid, con- 

nect a calcium chloride 

tube to the side tube. If 

the mercury was extremely 

oily the time of suction 

necessary can be shortened 

appreciably by attaching 

a wash bottle with benzol 

or some similar fat solvent. 

After the mercury has 

‘ been cleaned, stop the air 

Coston current, bend the side tube 

down, and let the mercury 

aa RANE run down through a suit- 

FIGURE 1 FIGURE 2 able filter into a storage 
bottle. 

The apparatus of Figure 2 gives still better results. A mercury Jena filter (type 
6b) is suspended vertically over a beaker. Pour the mercury on top of the filter and 
close the latter with cotton. Start the suction gradually. If a water suction pump is 
used it is best to introduce a safety bottle that will catch any mercury that may be 
sucked off during irregular, sudden increases of the water pressure. The use of calcium 
chloride and a fat solvent is very helpful in speeding up the process. The wool will soon 
turn dark on account of the formation of oxides. When the oxidation is completed 
turn off the suction, attach the suction flask to the lower end of the filter, and remove 
the mercury from the filter to the suction flask by means of low-suction pressure through 
the side arm of the suction flask. Le ae 

Calcium carbide. R. Wunperiicu. Z. phys. chem. Unterricht, 45, 162-3 
(July—Aug., 1932).—From the heats of formation (see equations below) of the substances 
required it is evident that it is possible to reduce calcium carbonate by the metals 
magnesium, calcium, and aluminium and to make calcium carbide. 


CaCO; + 2Mg CaO + 2MgO +C + 161 cals. 
+ 270 cals. + 145 cals. + 2 X 148 cals. 

CaCO; + 2Ca 3CaO +C + 165 cals 
3CaCOs + 4Al 3CaO + 2Al,03 + 3C + 385 cals, 
+ 3 X 270 cals. +3 X 145cals. +2 X 380 cals. 

2CaCO; + 5Ca 6CaO + 6CaC, + 324 cals. 

+ 2 X 270 cals. + 6 X 145 cals. — 6 cals. 


Calcium chips are broken up in a mortar and mixed with powdered marble in the 
proportion of 1:1. The mixture is heaped on a brick and lighted by heating from the 
side with a burner. It takes several minutes until the mixture catches on fire. Then 
the reaction continues with red heat even after removing the burner. After cooling, 
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a lump of calcium carbide is found under a layer of powdered quicklime. The lump is 
broken up, placed in a porcelain dish, and covered with a funnel. Water is poured into 
the dish and gas escapes from the tip of the funnel which is lit and burns with a smoky, 
luminous flame. A control experiment with calcium and water gives the non-luminous 
hydrogen flame. _ .S. 

The quantitative determination of hydroxyl groups in bases. W. BARGHEER. 
Z. phys. chem. Unterricht, 45, 160-1 (July-Aug., 1932)—The experiment described 
below and performed with the apparatus shown in Figure 1 demonstrates that only one- 
half of the hydrogen present in 1 cc. of water can be displaced. The apparatus (Figure 1) 
can be made froma test tube. The 
connection between the lower end 
of the test tube and the bulb is 
constricted to such an extent that 
the tip of a buret can just about 
pass through it. A rubber disk is 
fitted on the top in order to close 
the bulb more tightly against the 
upper cylindrical part. Rubber 
tubing leads from the side arm of 
the test tube (Figure 2) to the 
measuring bottle. 

In using the apparatus place a 
sufficient quantity of calcium chips 
into the reaction vessel and cover 
them with perfectly dry sand until 
the bulb is about half full. Intro- 
duce the buret with the rubber disk 
on the tip. Pour more calcium 
chips on the disk, close the vessel 
with a rubber stopper, and immerse 
the bulb in a large beaker of cold 
water. Connect the vessel with the 
measuring bottle with rubber tub- 
ing, test for absolute air-tightness, and slowly introduce 1 cc. of water from the buret. 
The water is first absorbed by the dry sand thereby slowing up the rate of the reac- 
tion. Mix the sand and calcium repeatedly by shaking; prevent any evaporation of 
the water by properly cooling the bulb. The reaction is finished when the mixture is 
free from dust and drops easily from the walls of the vessel. L. S. 

The quantitative decomposition of lead dioxide. E. WINTERHALDER. Z. phys. 
chem. Unterricht, 45, 163 (July-Aug., 1932).—The quantitative determination of 
PbO2, can be demonstrated by heating and reducing it with hydrogen in a boat made 
from silver located on asbestos in a glass tube. To construct the boat take a wooden 
rod (34 mm. long, 10 mm. in diameter) and round its edges. Cut off a piece of sheet 
silver (0.1 to 0.15 mm. thick, 40 mm. long, and 15 mm. wide) and round its edges like- 
wise. Place the wood on top of the silver and bend the latter up, first sideways and 
then at the edges. Smooth out all wrinkles. 

The decomposition of the PbO: (sample 0.5 to 0.6 g.) takes place rapidly at red heat. 
To cool rapidly blow air against the tube. The reduction of the PbO also takes place 
rapidly in a stream of hydrogen. An experiment carried out recently gave the follow- 
ing results: 0.6 g. of PbO, containing 0.4% of moisture; 32.5 cc. of O2 were obtained 
at 13°C. and 698 mm. pressure; 65.5 cc. of Hz were used for the reduction corresponding 

L. S&S 


to 382.75 cc. of Ox. 
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KEEPING UP WITH CHEMISTRY 


_ And now the neutron. J. G. CrowrHer. Sci. Am., 147, 76-8 (Aug., 1932).— 
With the discovery of the neutron, science now has one more physical entity to juggle 
with, Though some weeks ago the press appears to have given the impression that the 
neutron was a brand new lucky strike, physicists have for years suspected that some 
such thing was “hiding out” and if sought would sooner or later be brought to light by 
experiment. G. H. W. 

Ultra-violet light changes carrot pigments into vitamin A. V.Corman. Sci. News 
Letter, 21, 336 (May 28, 1932).—This vitamin A has been shown to result when carotine, 
the yellow pigment in carrots, has been exposed to ultra-violet of wave-length 2650 A.U. 
Its presence after such treatment was shown by its absorption of ultra-violet light, as is 
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characteristic of vitamin A, and it also gives a characteristic color reaction when tested 
by antimony chloride. This discovery was made by F. P. Bowdern and C, : ee of 
Cambridge University in England. Cr 
Quasi-quicksiiver. Ind. Bull. of Arthur D. Little, Inc., 67, 4 (July, 1935), ies is 
possible that the element gallium may eventually be a rival for mercury. Gallium js 
liquid at all temperatures above 86° F, and with careful alloying can have its freezing 
point depressed even below “‘room” temperature. It is far less volatile than mercury 
and can be used in direct reading thermometers made of quartz which function to above 
700°C. (bright red heat), whereas the upper limit for mercury is about 350°C. In 
vapor-type electric lights it produces light rich in red rays. It works well with other 
metals and makes fine amalgams possibly useful in dentistry. Gallium is rare and is 
still very expensive; however, it is widely distributed in traces, especially in zinc ores; 
and there is always the possibility that it can be produced in useful quantities, as has 
already been done in the case of helium and many of the formerly rare metals. 
G. 0. 
Borrowed processes. Ind. Bull. of Arthur D. Little, Inc., 66, 1 (June, 1932),— 
Much progress in chemical industry has been due to borrowing of processes. The 
production of Cellophane involved much borrowing from the viscose rayon industry, 
In the older manufacture the viscose solution was squirted through fine orifices. The 
substitution of a long narrow slit for the fine orifices led to Cellophane. The hydrogena- 
tion process was first applied to vegetable oils. Under new conditions it now produces 
ammonia, converts coal to mineral oil, and changes the heavy residues of oil refineries 
into more valuable light distillates. Even the graceful English Maypole solved the 
problem of covering wire with braided yarn. One had only to substitute bobbins for 
dancers and wire for the pole. G. O. 
Vast raw material resources await chemical development. W. M. WEIGEL. 
Chem. & Met. Eng., 39, 366-70 (July, 1932).—Arkansas, Louisiana, Oklahoma, and 
Texas contain within their borders large resources of practically all raw materials of 
mineral origin and many of non-mineral origin that enter into large-scale chemical 
manufacturing and processing. This includes salt, sulfur, limestone, bauxite, coal, 
petroleum, natural gas, wood pulp, pine for naval stores, hardwood, sugar cane, cotton, 
silica sand, mercury, potash, lead, zinc, barite, fullers earth, gypsum, and iron. 
J. W.H. 
Southwest. Still a proving ground for petroleum technology. S. D. KIRKPATRICK. 
Chem. & Met. Eng., 39, 374-7 (July, 1932).—Changes in the practices of the mid- 
continent oil fields in the last five years include: larger and better cracking equipment; 
gradual passing of the reaction chamber; increasing use of vapor phase cracking; “a 
wild race for octane number’’; “reforming” of straight-run gasoline (controlled syn- 
thesis of a fuel of any desired properties). A modern cracking still would seem to be 
one that skims, cracks, and reforms in one operation. Gray fullers earth towers are 
gaining over sulfuric acid as a purification agent. J. W. H. 
Carbon black production in the Monroe gas field. Epit. Starr Report. Chem. 
& Met. Eng., 39, 380-1 (July, 1982)—The Monroe, Louisiana, gas field at one time 
produced more than three-fourths of the world’s supply of carbon black. The majority 
of the producers use the channel process in which the gas is burned in a luminous flame 
in such a way that the carbon is deposited as soot on a slowly moving iron channel, 
from which it is removed by scraping and is then conveyed to bagging and compressor 
plants. The chief users of carbon black are rubber, ink, and paint companies. The 
total 1931 production was 161,712,000 lb. Details of the thermatomic process of 
production are given. J. Wok 
Salt domes of Louisiana and Texas. R.A. STEINMAYER. Chem. & Met. Eng., 
39, 388-9 (July, 1932).—Salt domes exist only on our continent.. One group is in 
Mexico, the other in the Louisiana-Texas coastal plan. A salt dome consists of a salt 
core, cap rock and overlying country rock. The core is a subcircular or elliptical plug 
often 99.4% pure NaCl. The cap is from a few to hundreds of feet thick and is composed 
of various minerals. The domes may bulge above the surrounding country, sink below 
it, or, as in most cases, not be visible. Magnetic, electrical, electro-magnetic, gravitative 
and seismic methods are used to locate them. Every salt dome is also an oil or sulfur 
possibility. J. W. H. 
Milling salt in Texas. H.B.CooLry. Chem. & Met. Eng., 39, 390-1 (July, 1932). 
—The process of salt milling outlined is as follows: The salt passes through the crusher, 
goes to storage, then to the shaking-picking table, to the crusher giving 1 inch cubes, 
and finally by belt conveyor operated under a magnetic pulley to the main mill, where 
it is ground into various grades, sacked, and stored. Corrosion is one of the worst 
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problems with which the salt miller has to deal resulting in small rust specks appearing in 
the salt. Monel metal, porcelain glazed linings, and galvanized steel equipment are 
used to overcome this. J. W. H. 
Mining sulfur for world consumption, Epir. Starr. Chem. & Met. Eng., 39, 
392-4 (July, 1932).—Of the world’s sulfur 85% is mined in the coastal region of Texas 
by three companies. In 1931 they produced 2,183,930 long tons. Production has 
declined 60-70% during the first half of 1932, and shipments 50-60%. The major 
part of this sulfur was taken from salt domes, although all of them do not produce sulfur. 
The future possibilities in this field are many. All of the producers use modifications 
of the original Frasch process. J. W. H. 
Looking forward in sulfur mining. J. H. Porrarp. Chem. & Met. Eng., 39, 
394-5 (July, 1932).—The Frasch process cannot handle cases where sulfur outcrops at 
the surface or where the structure is too cavernous. A device which would at reasonable 
cost solidify the issuing liquid sulfur into easily handled blocks would obviate many 
present difficulties. Further problems arise when domes are located under marshes or 
water, or the deposits are very deep. . W. H. 
Lime contributes to southwestern development. S. P. Armspy. Chem. & Met. 
Eng., 39, 396-8 (July, 1932).—Lime is used in the southwest to sweeten sour soils; 
feed growing plants; increase crop yields; control insect pests; build better meat, milk, 
and egg producers; for building purposes; glass manufacture; purification of helium 
gas; refining crude oil and petroleum products; paint and varnish manufacture; wood 
pulp by soda, sulfite, and sulfate processes; purifying cane sugar; water softening and 
purification; sewage treatment. Lime for needs is produced within this district. 


J. W. H. 
Pipe line problems in the southwest. S. Gur. Chem. & Met. Eng., 39, 
399-403 (July, 1932)—This article contains a general discussion of laying out and 
controlling the operation of pipe lines. Recent developments in the manufacture of 
seamless pipe and electrically welded cold-formed pipe have resulted in universal 
adoption. Most leaks can be repaired by line riders. The corrosion of buried pipe is 
a serious problem. ‘The soil should be studied before the pipe is laid. Bituminous 
coating materials if properly applied are effective against corrosion. Exceptional 
corrosion problems come from handling oils of high sulfur content. A major problem is 

oils which congeal at ordinary temperatures. “Wee ae 
Louisiana becomes industrial. H. A. Levey. Chem. & Met. Eng., 39, 404-6 
(July, 1982).—The geographical location of Louisiana together with its natural re- 
sources is making it a great industrial state. It produces cellulose, paper pulp, cane- 
sugar, salt, petroleum, tung oil, sulfur, and carbon black. Imported at New Orleans are 
sugar, molasses, bones, soy-bean products, cocoa beans, varnish gums, copra, oil seeds, 
vegetable oils, creosote oil, talc, potassium, sodium and iron compounds, salt and rubber 

latex. J. W. Bt. 


HISTORICAL AND BIOGRAPHICAL 


_ George Kimball Burgess. ANon. Sci. Mo., 35, 182-4 (Aug., 1932).—A brief 
biography. Portrait. G. W. S. 
From gas to liquid. ‘A classic of science.” Sci. News Letter, 21, 342-3 (May 28, 
1932).—This classic by Thomas Andrews was first published in the Philosophical Trans- 
actions of the Royal Society, volume 159, in 1870. It was this paper which first set forth 
the ideas of a critical temperature and a critical pressure for gases. By means of these 
concepts vapor is defined as the gaseous state of a substance which may be changed into 
liquid by pressure alone while a gas may not be liquefied by pressure alone. These ideas 
were evolved in explanation of experimental studies made upon carbon dioxide. 
BC 


TEACHING OBJECTIVES, METHODS, AND SUGGESTIONS 


An experiment in visual education in elementary college chemistry. B.S. HopKins 
AND H. G. Dawson. Educ. Screen, 11, 136-7, 169-70, 172 (May and June, 1932).— 
The authors report their trial of a systematic use of slides, film strips, and silent motion 
Pictures with a class of 297 freshmen college chemistry students. 

_ Some problems which they encountered in carrying out their plan were: finding 
suitable slides and films for such instruction, and educating both operator and lecturer 
for the most effective use of the material available. In regard to suitable visual aids 
they urge the caution that commercial films have entirely too much advertising. Most 
educational films for science are too elementary for college freshmen. They advise that 
such films be thoroughly edited by some competent teacher of chemistry. There is 
need and place for animated diagrams especially in presenting processes involving chemi- 
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cal changes. The claim is made that time for such visual presentation may be salvaged 
from that formerly used by the lecturer in placing diagrams and charts upon the black. 
board. 

Some dangers to be avoided by inexperienced users of this type of teaching in. 
cluded: the temptation to give too little time for the class to see what is on the screen 
and allowing the class to assume that this part of the teaching program is purely an 
entertainment feature. The outcome of this experiment as tried at Illinois and tested 
by the usual types of tests did not show results warranting its added expense and in. 
convenience. The authors say, however, that they expect to continue its use. 

B. C. H, 


ADMINISTRATIVE PROBLEMS AND DEVICES; CURRICULA 


Educating chemical engineers in the southwest. O. M. Smitn. Chem. & Me. 
Eng., 39, 371-3 (July, 1932).—This article contains a discussion of the facilities for 
training in chemistry and chemical engineering in the Universities of Arkansas, 
Louisiana, Tulane, Oklahoma, and Texas, Oklahoma Agricultural and Mechanical 
College, Rice Institute, and the Petroleum Experiment Station of the U. S. Bureau of 
Mines at Bartlesville. J. W. H. 

Plans of the Progressive Education Association. R. Watters. Sch. & Soc., 35, 
841 (June 18, 1932).—A study begun some two years ago has resulted in a plan whereby 
a number of schools will follow curricula and methods developed upon a new educational 
basis, with the understanding that colleges will accept selected students from them. 
The experiment will cover a period of five years beginning with the fall of 1936. 


K. S. H. 
A proposal for better cotrdination of school and college work. W. M. Ark, 
Sch. & Soc., 35, 841-5 (June 18, 1932).—A commission appointed some two years ago by 
the Progressive Education Association has secured funds from the Carnegie Corporation 
of New York for the purpose of reconstructing secondary education. Experiments will 
be carried on in a small number of schools. The commission feels that there should be 
developed in students a strong sense of individual and social responsibility, and that this 
should be accomplished through the school. It seeks also to have each student’s course 
so shaped as to best fit his needs. The plan as presented for approval is given in detail. 
K. S. H. 
Trends in teacher-training. F.W.Smitn. Sch. & Soc., 35, 661-5 (May 14, 1932).— 
Three ways of improving teacher personnel are cited: (1) restricting admission to normal 
schools and teachers’ colleges to those who give promise of becoming “‘teacher”; (2) to 
require of them, after they have become teachers, the pursuance of richer and more 
vitalized courses of instruction along with better organized practice teaching programs; 
(3) more satisfactory coéperation of teacher’s colleges with school administrations, so 
that teachers may be placed where they will be happiest. Progress has been handi- 
capped because of a lack of such coéperation. K.S. 
Teacher training primarily a state function. J. A. Wmutams. Sch. & Soc., 35, 
866-8 (June 25, 1932).—The author points out certain fallacies in a previous article, 
“Teacher Training for Large Cities.”” He disagrees with the writer of that article, that 
instead of being under state control, teacher-training institutions should be under city 
control, alleging that they very properly constitute a division of the state’s educational 
system. More consideration should be given to setting up higher standards for teachers 
and devising better methods of selecting desirable students. Less time should be spent 
worrying about who controls them. K.S. 


EDUCATIONAL MEASUREMENTS AND DATA 


An experiment in visual education in elementary college chemistry. See this title, 
p. 1825. 


PROFESSIONAL 


The pupil looks at the teacher. C.C. Gumrorp. Sch. & Soc., 35, 835-40 (June 
18, 1932).—Criticisms of teachers, as made by pupils include the following: inability of 
teacher to make subject matter interesting; waste of time in various ways; unfairness 
in many instances; dislike for certain pupils; sarcasm; unreasonable standards main- 
tained by some; administrative weakness; mannerisms which are distracting. A few 
complimentary remarks are also given. K. S. H. 

Teacher training primarily a state function. See this title above. 

Trends in teacher-training. See this title above. 





An Introduction to Chemistry. A Pan- 
demic Text. JoHN ARREND TiMM, 
Assistant Professor of Chemistry, Yale 
University. With a Foreword by 
Joun JouNsTON, Director of Research 
U. S. Steel Corporation. Second edi- 
tion. McGraw-Hill Book Co., Inc., 
New York City, 1932. xx + 553 pp. 
151 Figs. 14 X 20cm, $3.50. 


Significant changes have been made in 
the second edition [for a review of the 
first edition, see J. CHEM. Epuc., 8, 
411-2 (Feb., 1931)] of this text. The 
author writes in the Preface: “It was 
the opinion of many that the mathe- 
matical treatment of the theory could be 
made less difficult, and, in some instances, 
eliminated without losing any of the 
essential philosophical implications of 
the theory. Accordingly, this has been 
done in most cases in the second edition. . . 
... The chapter on alloys, in which the 
use of phase-equilibrium diagrams was 
discussed, has been eliminated as too 
difficult for the average student. The 
composition and properties of the common 
alloys have been added to the chapters 
on metals in general and on iron and 
steel. The material on energy and its 
relationship to chemistry has been con- 
siderably condensed without, however, 
minimizing its importance to modern 
physical chemistry. To give a more 
complete picture of the economic impor- 
tance of chemistry, a chapter on the 
ceramics industries has been added. 
Finally, the subject matter has been 
brought up to date and new material 
on the history of chemistry has been 
added.” 

To give a more sympathetic under- 
standing of chemical industries at the 
expense of some mathematical exactness 
Should not lessen the value of the text 
for the liberal arts student. But after 
what Dr. Timm had to say in the Preface 
to the first edition concerning the type of 


pandemic chemistry developed by Ban- 
croft and the reviewer, the present com- 
promise must have given him some 
trepidation for the health of the student. 

Whatever may be the differences of 
opinion on the relative importance of the 
theoretical and the applied, there is 
widespread appreciation for the value 
of the historical method whenever it may 
be used without unduly lengthening the 
discussion. By the judicious selection of 
historical facts and personal incidents 
the author has made a remarkable addi- 
tion to the present edition. 

This text will find an increasing field 
of usefulness as teachers of chemistry 
recognize that there are evils more to be 
feared than that of being charged with 
superficiality. For the educator who 
fears to enter the field of pandemic chem- 
istry because of this charge, the following 
words credited to Dr. E. T. Bell, mathe- 
matician of the California Institute of 
Technology, will prove arresting: ‘We 
are all laymen and largely ignoramuses 
outside our own narrow specialities.” 


Joun R. SAMPEY 


Howarp COLLEGE 
BIRMINGHAM, ALABAMA 


An Introductory Course in Physical Chem- 
istry. WortH Hurr Ropesusu, Ph.D., 
Professor of Physical Chemistry, Uni- 
versity of Illinois, and EsTHER Kuirt- 
TREDGE RopEBUSsH, M.A. D. Van Nos- 
trand Co., Inc., New York City, 1932. 


xiii + 421 pp. 109 Figs. 22 X 14cm. 


$3.75. 

The title of this work is somewhat mis- 
leading since the contents render it quite 
suitable for a standard senior course in the 
subject. The arrangement of subject 
matter is decidedly novel and is well worth 
the consideration of any teacher of physi- 
cal chemistry. The whole subject of 
equilibrium is introduced at a very early 
stage immediately following the usual con- 
sideration of the gaseous, liquid, and solid 
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states of matter. The authors believe that 
certain marked advantages are obtained 
by doing this. However, there will proba- 
bly be considerable disagreement with 
this view due to the prevailing diversity 
of opinion as to what is a really logical 
order of presentation. Certainly it leads 
to some questionable procedures, such as 
discussing ionic equilibria before discussing 
the theory of ionization and its conse- 
quences. Another novelty which is to be 
highly commended is the consideration of 
colloid phenomena wherever reference 
must be made to such phenomena. Of 
course there is a separate chapter on sur- 
face chemistry, but the matter is no 
longer treated as if it were a totally dis- 
tinct aspect of theoretical chemistry. 
This is a decided advantage as it serves 
to emphasize the interweaving of natural 
phenomena. 

The book contains 51 tables of useful 
data (culled largely from International 
Critical Tables) and sufficient, although 
not abundant, references. Interest is 
aroused by inclusion in suitable elemen- 
tary form, of such recent developments as 
Stern’s work on molecular rays, para- and 
ortho-hydrogen, wave mechanics, the 
Debye-Hiickel theory, etc. Especially 
noteworthy are the treatment of the 
thermodynamic aspects of physical chem- 
istry, the chapters on rates and mecha- 
nisms of reactions, atoms, molecules, the 
activation of atoms and molecules, and the 
discussion of electromotive force. There 
is an abundance of new and very pertinent 
problems. 

Naturally the size of a book of this 
character must not be such as to discour- 
age an appetite for study, but it does seem 
that a few items might have been included 
without defeating this object. For in- 
stance, there is no derivation of the reac- 
tion isotherm, steam distillation is dis- 
missed with a sentence or so, the Harkins’ 
correction on the weight of the falling drop 
is mentioned by literature reference alone, 
there is very little on viscosity, and the 
dissociation of salt hydrates is discussed in 
two places and that rather scantily. A 
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fuller treatment of the calculations and 
methods of crystal structure analysis 
would be helpful. The omission of the 
usual preliminary treatment of fundamen- 
tal laws, methods for determining atomic 
weights, etc., may not be regretted by the 
student but certainly is by the reviewer. 
These subjects are seldom treated in earlier 
courses as fully as they deserve. Unfor- 
tunately the signs of e. m. f. values do not 
conform to the most general convention of 
today. 

To sum up, this is a very well written, 
interesting and stimulating text. It im- 
plies some things that might well be stated 
more explicitly, but the properly qualified 
teacher can easily expand upon them him- 
self. The book should meet a cordial re- 
ception and the authors are to be heartily 
congratulated. 

MALCOLM M. HARING 


UNIVERSITY OF MARYLAND 
CoLLEGE PARK, MARYLAND 


Unit Processes and Principles of Chemi- 
cal Engineering. JoHNn C. OLsEN, 
Ph.D., D.Se., Professor of Chemical 
Engineering, Polytechnic Institute, 
Brooklyn, N. Y., Formerly Secretary 
and President of the American Institute 
of Chemical Engineering. D. Van Nos- 
trand Co., Inc., New York City, 1932. 
xiv + 558 pp. 171 Figs. 13.5 X 21.5 
em. $5.00. 


Professor Olsen, with the help of col- 
laborators, has created the first book 
written in English presenting an introduc- 
tion to the general field of chemical engi- 
neering. The author covers not only the 
‘unit operations” but also certain indus- 
trial chemistry studies. There are chap- 
ters on economics, plant location, mate- 
rials of construction, and data on chemical 
equipment design. This last-named sub- 
ject is a portion of what might be called 
“chemical unit processes” to differentiate 
them from “unit operations” which are 
,almost entirely physical in nature. 

This book attempts to give a brief sum- 
mary of the entire subject—a truly laudable 
purpose. The result is an extremely in- 
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teresting and worthwhile treatise for any 
student who desires to learn from a single 
volume what chemical engineering really 
is. Dr. Olsen and his collaborators are 
to be congratulated on their motive and 
the result. 

The ‘‘unit operations’ are not as com- 
pletely covered as in textbooks devoted 
entirely to this particular subject. This 
was to be expected. Fluid dynamics, 
crushing and grinding, and crystallization 
are examples of titles that have been 
omitted. The practical engineer will find 
certain chapters have been written with 
him in mind-—something he will appre- 
ciate. This is especially true of the chap- 
ters on evaporation, dry-distillation, ab- 
sorption of gases, and the separation of 
solids and liquids from gases—chapters, by 
the way, that deserve special citation be- 
cause of their unusual interest. 

Many of the prominent industrial proc- 
esses are described in detail in order to 
give the student a clear conception of a 
concrete use for the various unit opera- 
tions. This idea is carried out particu- 
larly well in the chapters on steam-distilla- 
tion, dry-distillation, and electric heating. 

The “chemical unit processes’ are 
brought into the chapters on electric heat- 
ing, catalytic processes, and electrolysis 
because in these the authors give data 
on the design, construction, and operation 
of full-sized equipment within which a 
common chemical reaction takes place. 

Mention should be made of the excellent 
chapter on plant location. The author 
has treated the subject in a very compre- 
hensive manner. 

All teachers who have been looking for 
a book which will introduce the subject 
of chemical engineering to the student and 
will supply actual plant problems will be 
interested in Dr. Olsen’s excellent text. 

D. B. KEYES 


UNIVERSITY OF ILLINOIS 
URBANA, ILLINOIS 


Chemical Analysis by X-Rays and Its 


Applications. G. von Hevesy, Pro- 
fessor of Physical Chemistry, Uni- 
versity of Freiburg. McGraw-Hill 


RECENT BOOKS 
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Book Co., Inc., New York City, 1932. 
v + 333 pp. 101 Figs. 15 XK 23 cm. 
$3.00. 


The present volume, the tenth in the : 
series by the holders of the George Fisher 
Baker Non-Resident Lectureships in 
Chemistry at Cornell University, main- 
tains the high standard of excellence set 
by those appearing previously. These 
lecturers are invariably outstanding men 
in their chosen fields and one can feel 
sure that their statements are authorita- 
tive. 

Except for an Introductory Lecture on 
“The Age of the Earth,’ the book is 
divided into three very distinct, though 
related, parts: ‘‘Analysis by Means of 
X-Rays,” ‘‘The Discovery and Properties 
of Hafnium,”’ and ‘“The Chemical Compo- 
sition of the Earth and the Cosmic 
Abundance of the Elements.” 

Part I gives not only the historical 
development of chemical analysis by 
means of X-rays with examples of the 
uses of such analyses, but detailed de- 
scriptions of the apparatus and procedures 
used, with comprehensive tables, making 
this a very valuable manual for any one 
actually doing work of this sort. In view 
of the importance of chemical analysis it 
would seem that all chemists and chem- 
istry teachers should make themselves at 
least superficially familiar with methods 
such as those described here which show 
promise of displacing soon the usual 
chemical methods for large classes of 
analyses. 

Part II gives a highly interesting ac- 
count of the discovery of hafnium (the 
author being one of its co-discoverers), 
followed by a description of methods of 
separation and analysis and of the 
chemical and physical properties of the 
metal and its compounds. 

In Part III are described and com- 
pared the methods used in arriving at a 
knowledge of the relative abundance of 
the elements in the earth and the rest of 
the solar system, with the results obtained. 

The average chemistry teacher would be 
interested only in certain portions of this 
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book, such as the Introductory Lecture, 
the chapters on ‘Origin of X-Ray Spec- 
troscopy,” ‘‘The Work of Moseley and 
His Fundamental Law Governing X-Ray 
Spectra,’”’ ‘“‘The Discovery of Hafnium 
and Its Separation from Zirconium,”’ 
and most of Part III. These portions 
may however be read understandingly 
without bothering about the more tech- 
nical sections. 

This volume offers a fine illustration 
of the way in which the three sciences of 
chemistry, physics, and geology are inter- 
related. Part I is chiefly physics, Part II 
chemistry, and Part III geology. It 
speaks well for the author’s ability that 
he can lecture and write so authoritatively 
in all three fields (and in a foreign lan- 
guage, too)! 

There are quite a few minor mistakes, 
most of them probably due to inadequate 
proof-reading. The frequent use of 
“niobium” in place of ‘“columbium” 
might be confusing to some readers. 
More important are the incorrect plotting 
of the ‘‘atomic radius” of hafnium, making 
it appear less than that of zirconium, 
in Figure 79, and the incorrect values of 
the atomic volumes of hafnium and 
zirconium in Table XXI. Figure 83 not 
only is unintelligible without some ex- 
planation of the meaning of the symbols 
used but it represents a very improbable 
structure from the standpoint of crystal 
structure theory. (The structure analysis 
is by no means conclusive; cf. Ewald 
and Hermann, “‘Strukturbericht,’”’ p. 454.) 
In general the illustrations are well 
chosen, well made, and well reproduced. 

Maurice L. Huccins 


Tue Jouns Hopkins UNIVERSITY 
BALTIMORE, MARYLAND 


Annual Survey of American Chemistry. 


Volume VI, 1931. Edited by CLARENCE 
J. West under the auspices of the 
Division of Chemistry and Chemical 
Technology of the National Research 
Council. Published for the National 
Research Council by The Chemical 
Catalog Co., New York City, 1932. 
573 pp. 13 X 21cm. $4.50. 
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In the 1931 volume the 1930 chapter on 
“Kinetics and Gas Mixtures” becomes 
“Kinetics of Homogenerous Reaction”: 
“Catalysis” is limited to “‘Contact Cataly- 
sis’; ‘‘Electrochemistry” takes the place 
of “Application of Electrochemistry” 
in the usual alternation; “Soils and Fer- 
tilizers’’ has been split into two separate 
chapters; and ‘‘Paper” is expanded to 
cover “Cellulose and Paper.” 

Chapters which appeared in 1930 but 
are omitted in the present volume are: 
‘Physical Methods in Analytical Chemis- 
try’; “The Rare Earths’; ‘Carbo- 
hydrates”; “Cement and Concrete’; 
“Chemistry of the Silicates’”; ‘‘Synthetic 
Yarns”; ‘Explosives’; ‘“‘Azo Dyes’; and 
‘‘Anthraquinone Dyes and Intermediates,” 

New chapters are: “Radium and 
Radioactivity”; ‘Analytical Chemistry”; 
“Properties of Compressed Gases’’; and 
“Leather.” 

Some of the ‘surveyors’ are contribut- 
ing excellent critical reviews within the 
space limitations imposed upon them; 
many are satisfied to act as compilers of 
abstracts. Otto REtnmutH, Editor 


MISCELLANEOUS PUBLICATION 


The History of the Municipal University 
in the United States. R. H. Ecxet- 
BERRY, Assistant Professor of History 
of Education, Ohio State University. 
U.S. Dept. Interior, Office of Education, 
Bulletin, 1932, No. 2. U.S. Govern- 
ment Printing Office, Washington, D. C. 
(For sale by the Superintendent of 
Documents, Washington, D. C.) viii 
+ 213 pp. 15 X 23cm. $0.20. 


The specific municipal universities dis- 
cussed in this bulletin are: The College 
of Charleston, The University of Louis- 
ville, The College of the City of New York, 
Hunter College of the City of New York, 
The Board of Higher Education and 
Brooklyn College, The University of 
Cincinnati, The University of the City 
df Toledo, The University of Akron, The 
Municipal Colleges of Detroit, The 
Municipal University of Wichita, and 
The Municipal University of Omaha. 











Courtesy Ralph E. Oesper 
“ALCHYMIST” BY THOMAS Wijck (1616-1686) 


The original painting may be found in the Art Museum at Karlsruhe. 
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EDITOR’S OUTLOOK ‘ 


ee new fundamental discovery in science is followed by a flood’6f* 
philosophical speculation. This is right and natural, for fact should 
be the raw material of philosophy, and when the philosopher receives 

some new addition to his stock in trade it is to be ex- 

The Anatomy ; : ; és 

of Logic pected that he will try to make use of it. Nevertheless, 

(Pathological) the bystander is now and then both amused and irritated 

by some of the flights of philosophical fancy indulged in 

by people who pass as intellectually respectable. Itis hard to say whether 

the worst offenders in this respect are philosophers who know too little 
science or scientists who imagine themselves to be philosophers. 

The furore in pseudo-philosophical circles over Heisenberg’s principle 
of indeterminacy is a case in point. Immediately Heisenberg’s ideas be- 
came current, a flock of middle-weight thinkers leaped to the conclusion 
that the ‘‘law”’ of causality had been repealed and with this radical premise 
as a springboard launched forth into metaphysics and theology. By 
species of mental prestidigitation, which moves faster than our mind’s eye 
can follow, some of them have even established a supposed connection 
between the principle of indeterminacy and the doctrine of free will. 

Let us examine the facts. The “law” of causality although it consti- 
tutes the foundation of science, has never been more than an assumption, 
supported largely by negative evidence. We could demonstrate with 
reasonable rigor that it did operate in a good many cases and we could 
explain away a great many more cases where no one could tell whether it 
operated or not by assuring every one that if only we were smart or 
patient or knowing enough to collect all the necessary data it would be 
seen to operate. The strongest argument for the law of causality was 
that no one could disprove it. What, then, has made all the difference? 
’ Merely that we have discovered a type of experiment in which it is in- 
herently impossible to put the law to the test. 

We have known a myriad situations where the test was impossible prac- 
tically but we have solaced ourselves with the thought that the necessary 
data were merely unknown. We now perceive that there is at least one 
type of experiment in which the necessary data are unknowable. 

The practical scientific result is that we now use probability formulas 
rather than strict causality formulas to describe certain phenomena. 
But it should be noted that the degree of uncertainty inherent in these 
formulas is the degree of uncertainty involved in our inability to deter- 
mine original states accurately. So far as any one can tell, the principle 
of causality may operate just as rigidly here as we have always assumed 
it toelsewhere. There is still no evidence that it doesn’t. 

But assuming for the sake of argument that there were, would this fact 
lead logically to any conclusions about free will? Bear in mind that 
18438 
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although we are unable to apply strict causality formulas to a single elec. 
tronic event we are able to apply statistical formulas very satisfactorily 
to a large number of electronic events. Just so an insurance calculator 
can tell almost exactly what percentage of the population of these United 
States will depart this life in the year 1932, but he will not attempt to set 
the date of demise of any given individual. No one argues on this 
ground that death is for the majority of individuals a matter of free will. 

Furthermore, even though it be argued for lack of proof to the con- 
trary that an electron obeys the laws of chance rather than of causality, 
the fact remains that a billiard ball obeys the latter. One may or may 
not be justified in drawing conclusions from the circumstance that the 
human head is a larger aggregation of matter and nearly as dense. 

And finally, if it did seem probable on the basis of this line of reasoning 
that man acts by ‘“‘chance”’ rather than by causality, is he any the more a 
free-will agent? 

To our friends, the professors of logic, we offer this bit of case material. 
It should serve their classes as a horrible example of how not to reason. 


Cw, 
RINCIPLES are excellent things—especially for people who can’t think 
or who dislike thinking. They make it entirely unnecessary to analyze 

a situation and determine upon an appropriate line of conduct. One has 

only to delve into his little mental file of general principles 

and emerge with some sort of solution for every problem. 

Of course people who live by principle sometimes do weird things, just 
as do people who play bridge strictly by the book. After a period of at- 
tempted codperation with such people one is sometimes tempted to wish all 
principles or all bridge books in limbo. But this isa hasty thought. Con- 
sider how much worse off such folk would be if they had nothing to go by. 

Furthermore, they are, on the whole, much easier for other people to get 
along with. Their reactions are so dependably predictable. A man of 
principle may not always do the appropriate thing but one nearly always 
knows what he wil do in a given situation, and can plan accordingly. This 
is the chief reason why people of principle win general approval. One is 
not continually put to the trouble of out-thinking them; one knows just 
where to find them without thinking. 

Shrewd employers always attempt to select their minor subordinates 
from among people of principle, but they: prefer to engage unprincipled 
lawyers. They thus secure themselves against surprise at home, while 
keeping the enemy in uncertainty abroad. 

But principles, judiciously employed, have other and more versatile 
uses. They constitute the alibi par excellence. We can think of no dis- 
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tasteful social obligation which one cannot somehow evade diplomatically 
on grounds of principle. One’s annoyer drops back abashed and allows 
the encounter to go by default, without a blow being struck. 

Principles may also be made to serve as special dispensations from the 
usual rules of correct and dignified conduct. One may wrangle over finan- 
cial affairs on the basis of principle when the sums involved are so small that 
no one could admit them to be a consideration without losing face. One 
can create scenes and strike boorish attitudes and make some people like 
it under cover of a smoke-screen of principle. (Those comparatively un- 
skilled in this art are referred for instruction to the press accounts of the 
social and political doings of one of our California mayors.) 

The reader may think that he notes here some inconsistency between the 
divers uses of principles and the dependability of principled people which 
we extolled earlier. The discrepancy, however, is only apparent. People 
who use principles for their own ends are not really principled people. They 
are the masters of their principles, whereas ‘‘principled people’ are the 
slaves of theirs. 

The first step in the mastery of others is self-mastery, and nothing is 
more essential to self-mastery than to get one’s principles thoroughly under 
control. Which are you; slave or master? 


CX, 


F THERE is one characteristic above all others which recommends 
science as a life-work to the student of thoughtful mind and serious 
ambitions it is the cumulative nature of the fruits of human effort in this 
: field. In no other phase of human endeavor do we so 

Cashing a : 

Potentiality truly stand upon the shoulders of our predecessors as in 
science. It is true that theories are modified or sometimes 
abandoned and that even our supposed facts are subject to re-examination 
and occasional revision. Yet every honest and able piece of scientific 
work contributes toward the building of the ultimate structure. While 
building is in progress one cannot always definitely distinguish temporary 
scaffolding from permanent construction, yet who shall say that the 
scaffolding has no part in the work? 

But to reduce our philosophy to a more practical plane we must con- 
sider that scientific facts and theories discovered and recorded are not 
actually, but only potentially, the common property of the scientific 
world. We do not enter into our heritage automatically but only after 
the intelligent performance of certain necessary bibliographical rites. 
This being true it is perhaps to be wondered at that the high priests of 
learning are not as a rule more mindful of their obligation to lead the 
acolyte to the shrine and instruct him in his devotions. On this theme 
Professor Soule of Michigan has‘somewhat further to say (pp. 1940 ff.). 
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SALTPETER MINE OPERATION AT MaAmMMoTH CAVE 








THE NITER CAVES OF KENTUCKY* 
RatpH NELSON MAxson, THE UNIVERSITY OF KENTUCKY, LEXINGTON, KENTUCKY 


This paper gives an account of the early niter and gunpowder industry in 
Kentucky and 1s largely based upon a memoir written in 1806 by Dr. Samuel 
Brown of the Medical Department of Transylvania University. 

A description of the process used to obtain potassium nitrate, from the cave 
earths and sandstone rocks, is accompanied by a discussion of Dr. Brown’s 
theories offered to explain the chemistry of the process and the origin of the 
deposits. Some suggestions, based on modern geology and chemistry, are 
proposed to explain the process and certain theories are advanced to account 
for the nitrate deposits. 

The geology of the cavern and rock house region 1s discussed briefly. 


One of the important needs in the early days of the Republic was an 
adequate domestic supply of saltpeter 
and a satisfactory grade of gun- 
powder. This question was indeed 
one of international interest. In 
1776 France selected M. Lavoisier to 
be superintendent of the National 
Powder Works. Coleman was in- 
vestigating the properties of charcoal 
in England,! and thanks to his re- 
searches British powder was of su- 
perior quality. Bowles, Dillon, and 
Townshend had studied the Spanish 
niter deposits and the Indian supply 
was the subject of investigation. It is 
recorded that the Second Continental 
Congress encouraged the manufacture 
of saltpeter in the province by offer- 
ing twenty pounds for every hundred- 
weight that should be made. 

The defects of the powder made Courtesy Mrs. Charles F. Norton 
in the United States were well known Dr. ear a 
to the scientists of the day, and the : 
military forces had difficulty in obeying the injunction, ‘“‘keep your powder 
dry,” when deliquescent impurities nullified all their precautions. 

The state of Kentucky was especially interested in an adequate powder 
supply. In the early days her very existence depended upon the efficiency 
of the ‘‘long rifles,” and in the first years of the new century approaching 

* Presented before the Division of History of Chemistry at the eighty-first meeting 
of the American Chemical Society, Indianapolis, Indiana, March 31, 1931. 

' Coteman, Phil. Mag. [5], 9, 355 (1801). 
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difficulty with England endowed the subject with renewed importance, 

The niter industry in Kentucky soon attracted the attention of Dr, 
Samuel Brown, professor of chemistry at Transylvania University.* In 
the winter of 1806, he made a long horseback journey to Philadelphia 
and presented a paper there before the American Philosophical Society 
with the title “A Description of a Cave on Crooked Creek with Remarks 
and Observations on Nitre and Gun-Powder.’”? 

He considered the subject of such importance that he said: ‘‘There are 
few works on Natural History or Chemistry which do not contain some 
facts or opinions concerning the formation and properties of nitre,” and 
further emphasized the matter by saying: ‘‘A concern for the glory and 
defense of our country 
should prompt such of our 
chemists as have talents 
and leisure to investigate 
this interesting subject.” 

Due to the efforts of 
Dr. Brown and to military 
needs a thriving powder 
industry was located in 
Lexington. Perrin states 
that in 1810 Lexington 
had six powder mills.‘ 

Kerr® quotes from Niles’ 
the statement that 301,937 

MAIN BUILDING OF TRANSYLVANIA UNIVERSITY, pouside et ee pe 

BURNED IN 1829 duced in Kentucky in 1812, 
ie eir er ae this production being much 
* Lexington was the seat of Transylvania University (now 151 years old) and this 
institution added a Medical Department in 1799. 
Dr. Samuel Brown was selected as the professor of chemistry, anatomy, and sur- 
gery in October of that year. 
Dr. Brown was born in Virginia in 1769 and died in Huntsville, Alabama, in 1830. 
He was a graduate of Carlisle College and studied medicine at the University of Edin- 
burgh. He was an aggressive and versatile scientist and ‘‘to him we are indebted for 
the first introduction in the West of the prophylactic use of the cowpox.’’ As early as 
1802 he had vaccinated upward of 500 persons when New York and Philadelphia phy- 
sicians were only just making their first experimental attempts.” 
* Peter, R., “The History of the Medical Department of Transylvania Univer- 
sity,’ John P. Morton & Co., Louisville, Ky., 1905, p. 6. 
* Brown, S., Trans. Am. Phil. Soc.,6, 235 (1809). 
* PERRIN, ‘‘A History of Fayette County, Kentucky,” O. L. Baskin & Co., Chicago, 
Iil., 1882, p. 265. 
° Kerr, “History of Kentucky,” The American Historical Society, Chicago & New 
York, 1922, vol. 2, p. 592. 
° Nitxs, The Weekly-Register (Niles), Balto., Md. (June 6, 1812), vol. 2, no. 40, p. 227. 
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larger than that of any other state. The next in rank were Virginia with 
48,175 pounds and Massachusetts with 23,600 pounds. Kerr also records’ 
that Neil McCoy ‘‘was in Lexington as early as 1805 and set up as a 
manufacturer of gunpowder for the government.” 

The late Judge J. H. Mulligan of Lexington was a grandson of Mr. 
McCoy and preserved two of the great saltpeter kettles as a cherished 
possession of the family. 

Many years ago Judge Mulligan informed the author that powder made 
in these kettles was shipped down the Mississippi and used at the Battle 
of New Orleans. One of these interesting relics has disappeared, but the 
other yet remains on the campus of the University of Kentucky. 

Before discussing the 
methods used in the niter 
industry a short discus- 
sion of the geology of the 
cave regions may be of 
interest. 

The process of cave- 
making is confined to re- 
gions of special geological 
formation. Large homo- 
geneous beds of limestone, 
undisturbed by metamor- 
phic stress, offer the best 
opportunity for the for- Courtesy Mrs. Charles F. Norton 
fee of large caverns. . MO Cae oe Tae 
Running water wears away 
the softer strata and an extensive forest cover aids in supplying acids that 
attack the country rock. Due to these causes the region suffers from 
erosion and the surface becomes undulating because of the presence of 
harder strata. As a result underground channels are finally produced by 
the solvent action of carbonic acid, and the territory is honeycombed by 
countless caverns. 

As one descends the Ohio River from Cincinnati the Cincinnatian lime- 
stones are left behind and the Mississippian becomes the important for- 
mation. More resistant upper ledges withstand erosion and the softer 
lower strata disappear to form grottos and caverns. 

Near Madison, Indiana, begins a plain which is transected by the Ohio 
River and covers some eight thousand square miles. About three-quarters 
of this region lies in Kentucky, the rest is in Tennessee and Indiana. This 
formation has not been submerged since carboniferous times and has 
slowly been raised without much shattering of the strata. Extensive 


7 Kerr, see footnote 5, vol. 4, p. 268. 
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erosion has taken place 
and the region has become 
covered with “knobs,” 
sometimes several hundred 
feet high, the evidence of 
more resistant formations, 
Oval depressions often 
communicate with sub- 
terranean passages. These 
pits are found in immense 
numbers all over the re 
gion and much surface 
water is drained away 
through such “sinkholes,” 
The process of erosion has 
become so extensive that 
certain parts of Kentucky 
possess little or no surface- 
running streams, the few 
large open rivers, like 





the Green River, being 

largely fed by cavern 
drainage. 

Courtesy W. S. Webb As one travels eastward 

One oF THE NiteR KetrLes BELoncinc Orici- to the plateau of the Blue- 

NALLY TO New McCor grass region the conditions 

Dr. A. M. Peter, dean of Kentucky chemists, is for cavern formation be- 








shown standing beside the kettle, which has been 


preserved by Mr. McCoy’s descendants. come less favorable and 


soon the foothills of the 
Kentucky mountains appear to the east and southeast. Due to distur- 
bance of the strata by mountain-making activities, erosion in the Ken- 
tucky hills has produced many grottos or rock houses and some caves, 
but no immense caverns. 

“Great Cave,” described by Dr. Brown, is located on a branch of the 
Rockcastle River (Crooked Creek) about sixty miles from Lexington. 
Collins® states that it is about four miles north of Pine Hill Station and 
eight miles northeast of Mount Vernon. ‘The cave is not far distant from 
Daniel Boone’s old trace leading to Boonesborough on the Kentucky 
River. Mount Vernon is located on the highway now designated as 
U.S. 25. 

The cave was discovered in 1799. John Baker noticed the north en- 

8 CoLuins, “History of Kentucky.” Collins & Co., Covington, Ky., 1874, vol. 2, p. 
164, 
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Courtesy L. P. Edwards 
CHARACTERISTIC STALAGMITE AND STALACTITE FORMATION AT GREAT ONYX CAVE 


trance and, accompanied by his wife, bearing a supply of torch wood, 
penetrated some distance into the cavern. Due to an unexpected fall 
Baker’s torch was extinguished and the couple, with their two small 
children, were lost in the dark recesses for forty hours. Mrs. Baker 
finally discovered the lost entrance and the explorers reached safety. 

Soon afterward the nitrate deposits were noticed and worked. A 
southern entrance was later discovered, some 646 yards distant. The 
cave goes completely through the hill, thus making a passage for horses 
and wagons. 

The floor is eighty feet above the creek’s bed, and the height of the 
arch, measured by Dr. Brown, is fifty or sixty feet. The ceiling shows 
few stalactites. A stream of water falls from the arch and drains into 
a natural basin. 

The temperature of the cave was recorded as 52°F., while the mean 
temperature of Mammoth Cave is 54°F. During the winter season 
the walls are dry, but in the summer months water continually seeps 
through the walls. 

Dr. Brown examined this drainage water and states that it had the same 
properties as the solution obtained by leaching the earth on the floor of 
the cave. He deduces from this observation ‘‘that the nitric acid is formed 
in the cave and is condensed on the rocks, the lime of which it dissolves.” 
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He further states, ‘‘In what manner this nitric acid is formed I confess 
myself wholly ignorant, as there are no substances in a state of putrefac- 
tion within the cave.”’ 

The details of the nitrate manufacture have been recorded by Dr. Brown, 
He states that in 1806 the depth of the earth on the floor of the cave had 
never been ascertained. Excavations, 15 feet deep, still yielded niter, 
and the workers stated that every bushel of earth contained at least one 
pound of the salt. In certain localities the yield was as high as two pounds 
to the bushel. 

Hoppers were located in the cave and the earth lixiviated and then 
rejected to be again impregnated with calcium nitrate. The test for 
quality was made by observing the 
life of an imprint in the dust. Such 
an impression would be barely visible 
after twenty-four hours, if the dust 
was rich in calcium nitrate. This 
crude test for the richness of the dirt 
evidently depended upon the presence 
of deliquescent salts. 

The hoppers were of simple con- 
struction and of about fifty bushels 
capacity. Cold water was poured 
over the earth from time to time. 
Troughs were placed underneath and 
the salt solution was slowly drained 

; ; from the hoppers. 

te eee aes After the earth had yielded all solu- 

Lower left: portion of trough—base ble material the liquid was evaporated 
of poplar, side of hand-riven oak. in large iron kettles and heated to 
iy + noe oes nen tee ee boiling temperature. The hot solution 

was next poured over a hopper con- 
taining wood ashes. The first runnings were returned to the hopper and 
eventually a clear solution of ‘‘nitrate of pot-ash” ran out, accompanied 
by a ‘‘white curd” which settled at the bottom of the trough. The solu- 
tion was then evaporated to incipient crystallization, allowed to settle, 
decanted into troughs, and left to crystallize. 

When the crystals had been removed, the mother liquor was thrown 
on the hoppers and used in the next extraction. The time allowed for 
the crystallization was twenty-four hours. - 

If the solution contained an excess of calcium nitrate for the amount 
of alkali in the ashes the workmen called the product in the ‘‘grease.”’ 
An excess of wood ashes produced a condition called in the ‘‘ley,” and 
such a solution left to settle precipitated large amounts of a salt called 
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Courtesy W. S. Webb 


NiTER EARTH IN GREAT CAVE 


“cubic salts.’’ The cubic salts were again thrown on the hopper and 
were supposed to assist in the metathesis. 

The “white curd” produced in the process was probably a mixture of 
calcium carbonate and basic magnesium carbonate, with the possible 
addition of calcium sulfate. With high concentrations and the probable 
presence of organic matter, colloidal coagulae would be expected to form. 
Sulfates were usually present in the earth of the caves. An analysis of 
Mammoth Cave earth by Hess shows 4.16 per cent. of sulfur reported as 
SOs. 

An explanation of the term ‘“‘cubic salts’ used by the workmen and re- 
corded by Dr. Brown offers difficulties. The complexity of the system 
and the varying composition of the materials employed in the process 
make several suggestions possible. 

An excess of potassium carbonate reacting with magnesium nitrate or 
sulfate might produce the sparingly soluble salt, potassium hydrogen mag- 
nesium carbonate, MgCO;-KHCO;-4H20. This compound is actually 
formed in the production of potassium carbonate by the “magnesia 
process”’ at Stassfurt. 

Earth from the caves probably contained considerable amounts of 
magnesium sulfate, as ‘‘Epsomite’’ (MgSO,-7H20) occurs in minute crystals 
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on cave floors in Kentucky. In Mammoth Cave this salt is found adher- 
ing to the roof in loose masses.° 

Eutectic mixtures of sodium and potassium nitrates and other more 
complex eutectics, due to the presence of other nitrates, might appear 
after excessive evaporation. 

As sodium nitrate has rhombohedral crystals and resembles calcite in 
form it is possible that this compound was produced. This suggestion 
receives some confirmation from the fact that an old name for this salt 
was “cubic nitre.’’ This question can only be settled by experimental 
investigation of the earth of Great Cave and other caves in the Rock- 
castle area. The results of such a study will be reported in a later paper, 

Dr. Brown states that one hundred pounds of saltpeter required in its 
production eighteen bushels of oak ashes, or ten bushels of elm ashes, 
or two bushels of ashes pro- 
duced by burning dry wood 
located in hollow trees. He 
recorded with evident pride 
that ‘‘the saltpeter makers of 
Kentucky have anticipated the 
philosophers and chemists of 
Europe in this discovery ‘of 
the value of the latter kind of 
Ste a ashes.”’!° 
rf ¥ ee q When a shortage of wood 

"es (let ashes occurred, the calcium 
nitrate solution was evapo- 
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LEACHED Dirt TURNED OUT OF HOPPERS AT 
GREAT CAVE ON CROOKED CREEK 


nearly solid “thick stuff” was 
transported to some point 
where ashes were available. The salt “dissolved in lye, of concentration 
great enough to precipitate the lime, settled in troughs, and was then boiled 
down and crystallized.” 

The ‘‘thick stuff’’ was deliquescent and was often melted and poured 
into casks before removal from the caves. Cattle relished the salt, but 
were killed by licking the material. Examination of the blood showed 
it to be nearly black and possessed of high viscosity. Dr. Brown thought 
this observation of great importance and writes, “this substance may 
possibly merit a share of that praise which has been so liberally and per- 
haps so injudiciously bestowed upon the nitrate of pot-ash.”’ 

An estimate of the niter resources of the Rockcastle caves made in 1806 


Notice marks of side boards. 


® Dana, “‘Textbook of Mineralogy,” John Wiley & Sons, Inc., New York City, 1900, 
p. 533. 
0 C. Pissis, Phil. Mag., 10, 330 (1801). 
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runs as follows: Great Cave on Crooked Creek, a branch of the Rock- 
castle River, 1,000,000 pounds; Scotts Cave, two miles distant, 200,000 
pounds; Davis’ Cave, six miles distant, 50,000 pounds; two unnamed 
caves located within a mile of Great Cave, 20,000 pounds. 

The water supply in Great Cave was obtained from the stream de- 
scribed by Dr. Brown, and the manufacture was conducted by torchlight 
within the cave. Collins is authority for the statement that sixty or 
seventy laborers worked here during the War of 1812. 

The manufacture of niter from Mammoth Cave was essentially the 
same process as the one used in Great Cave on the Rockcastle. Dr. 
Brown mentions a cave on Rough Creek, a branch of the Green River, but 
in 1806 the existence of Mammoth Cave was evidently unknown to him. 

The discovery of this cavern was made by a hunter, Houchins or Hut- 
chins by name, probably in 1809. He pursued a wounded bear down 
a sinkhole and thus discovered the vast cave that has recently become 
part of a National Park. The early explorers soon noticed the deposits 
of “nitrate earth” and one, McLean, purchased the property in 1811 for 
forty dollars. The cave was soon sold to Mr. Gatewood, who in turn 
sold to the Gratz family of Lexington, and a man named Wilkins. Mr. 
Archibald Miller was the agent for these owners and worked the property 
as a nitrate mine during the War of 1812.1"! 

The ‘‘peter dirt’ was gathered by negro slaves, bringing the material 
from the more remote deposits in sacks. Ox carts were used in the larger 
passages and the soil was leached in hoppers. The first of these hoppers 
can be seen in the Rotunda, which is located almost underneath the Mam- 
moth Cave Hotel. The calcium nitrate solution was pumped through 
wood pipes to the mouth of the cave where open-air boilers and hoppers 
for wood ashes were located to complete the process. 

The leaching vats were about fifteen feet long and ten feet wide. The 
bottoms were made from small split logs placed in two layers, one layer 
resting on cross supports with the curved surface down, the upper row 
fitting into grooves cut in the floor timbers and lying with convex sur- 
face uppermost. Drains running to the corners of the vats led to a larger 
reservoir. Crude pumps forced the solution to the mouth of the cave, 
and water was supplied by another lower pipe line from a spring located 
near the entrance. 

The pipes bored from tree trunks are in good condition and can be seen 
today. The hoof-marks of the oxen and wheel-tracks of the carts still 
remain on the floor of the passages. 

The yield was about four pounds of calcium nitrate to the bushel of earth 
and Mr. Miller optimistically reported that Mammoth Cave alone could 
“supply the whole population of the globe with saltpeter.’’ 

11 HOvEY AND CALL, ““The Mammoth Cave of Kentucky,’ Louisville, 1902, p. 11. 
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A TypicaL Rock SHELTER 


The John Morris Shelter, under which have been erected stables, pens, and other farm 
buildings. 


It is interesting to know that Mammoth Cave was a profitable nitrate 
mine long before it became famous as a tourist attraction. Collins states” 
that the cave was worked for its deposits for four or five years beginning 
in 1812, and fifty or sixty hands were employed in the industry. 

Another phase of this industry has been described by Dr. Brown. The 
mountain valleys along the rivers in this territory are generally filled 
with broken fragments of sandstone. Many massive pillars of this ma- 
terial, sixty to one hundred feet in height, furnish good examples of the 
erosion process. The effect of weathering is observed in the large grottos 
or “‘rock houses’’ produced, some large enough to shelter a thousand men. 
The summits of all the hills near the Rockcastle, Licking, and Sandy Rivers 
are covered with this formation and the talus slopes reach downward to 
the valleys. 

Early in the century the saltpeter workers discovered that this broken 
material, when protected from the weather, yielded niter in paying quan- 
tity. It was later discovered that the massive country rocks could be 
leached and furnish a supply. The details of manufacture are as follows: 


12 See footnote 8, p. 164. 
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Courtesy W. S. Webb 
A TyprcaL ‘“‘Rock-House”’ HicH UP IN THE SIDE OF THE CLIFF 
This is known as the Dillard Stamper Shelter. 


Large kettles containing boiling water were filled with rock fragments 
blasted from the blocks and broken into small pieces with hammers. The 
chunks of sandstone soon disintegrated, and the resulting sand was placed 
in vats and leached with cold water. The mixture was then evaporated 
and crystals obtained ‘“‘without the aid of ashes or pot-ash.” 

Fowler and his associates stated that twenty-eight rock houses or caverns 
gave a yield of 100,000 pounds of niter. All of these locations were on 
the north side of the Kentucky River within seventy miles of Lexington.* 

The interesting fact was noticed that no niter-bearing rocks faced north 
or east. Ifa rock did not produce over ten pounds to the bushel of sand 
it was considered unfit for use. Many locations gave yields of twenty 
to thirty pounds. Fowler claimed that he once discovered a mass of pure 
niter weighing 1600 pounds and Foley reported the discovery of a hundred- 
pound lump. The Rockcastle region produced a five-hundred pound 
mass and Dr. Brown possessed a ‘“‘solid piece of native nitrate of pot- 
ash of singular purity weighing three pounds, more than four inches in 

* Carter County, Kentucky, has a group of caves. The “‘Swingleton’’ or saltpeter 
cave in this location supplied saltpeter during the War of 1812.'* 

13 JILLSON, ‘“‘Kentucky State Parks,’”” Kentucky Geological Survey, Frankfort, Ky., 
1924, p. 23. 
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thickness, and only a small portion of a block discovered on the Licking 
River in 1805.” 

The richest rocks were very hard, colored brown or yellow, and often- 
times showing deposits of the oxides of manganese and iron. Forty 
pounds a day was considered an average yield for three workers but cer- 
tain rock houses furnished one hundred pounds a day. The statement 
is recorded that ‘‘most of the saltpetre workers find it more profitable 
to work the sand rocks than the calcareous caverns, which yield a mixture 
of nitrate of pot-ash and nitrate of lime. The rock saltpetre is greatly 
preferred by our merchants and powder makers, and commands a higher 
price.” 

The origin and composition of the Kentucky niter deposits was a subject 
of great interest to Dr. Brown. In 1818 we find a “Letter to the Editor” 
entitled “On a curious substance which accompanies the native Nitre 
of Kentucky and of Africa.’ This letter gave a description of an African 
cave deposit which was evidently ammonium nitrate and not saltpeter. 
The material was produced by decomposition of animal dung and there 
was also present a black substance which was apparently bituminous." 

Dr. Brown writes as follows: 


I have found the passage I referred to the other day, relative to the 
existence of native or sandstone rock nitre in the interior of Southern 
Africa. 

I am much obliged to you for recalling my attention to that curious 
subject as it has brought to my recollection a fact which I believe I 
neglected to mention in my memoir, v7z., the existence of a black sub- 
stance in the clay under the rocks, of a bituminous appearance and 
smell. This I remember to have seen in a rock house near the Ken- 
tucky river where very considerable quantities of sand rock nitre had 
been obtained. The smell was not wholly bituminous, but resembled 
that of bitumen combined with musk. I am quite unable to account 
for the formation of the nitre or the production of this black substance 
which sometimes accompanies it, both in Africa and America. 


Bituminous sandstone occurs in that locality, and it would seem reason- 
able to suppose that the black substance noticed was a vein of that ma- 
terial. 

When we review Dr. Brown’s somewhat involved attempts to explain 
the chemistry of ‘nitrate of pot-ash’’ we should remember that the dis- 
covery of potassium was not announced until 1807. 

Dr. Brown was, however, apparently unaware of a communication ad- 
dressed to Dr. Wistar and entitled ‘“‘Observations on the Discovery of 
Nitre in Common Salt, which had been frequently mixed with snow,” 


14 Brown, S., Am. J. Sci., 1, 146 (1818). 
15 BaRROw, “‘Barrow’s Southern Africa,” N. Y. edition, p. 291. Cited by BRown. 
See footnote 14. 
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by J. Priestley, LL.D., F.R.S. This letter was read December 2, 1803." 

Dr. Priestley had studied the ‘‘production of air from the freezing of 
water.”!7 He mixed salt with snow and, using the same salt, repeatedly 
evaporated the water obtained from successive quantities of snow in an 
iron kettle. He saved the salt and later wished to make some ‘‘marine 
acid.” During the distillation he was surprised to find ‘‘red vapours,”’ 
“exactly as in the process for making spirits of nitre.”” He concluded that 
he had weak ‘‘nitrous acid.’’ It dissolved copper and produced “‘as pure 
nitrous air as any that I had ever procured.’’ He repeated the experi- 
ment and was only able to obtain the product with fresh snow. His sup- 
ply of snow water yielded nothing. He concluded that the nitrous acid 
may be formed in the atmosphere and said that this fact— 


... is easily explained on my hypothesis of the composition of that acid, 
since I have always procured it by the decomposition of dephlogisti- 
cated and inflammable air, together with a small mixture of marine acid 
(which must therefore be formed from some of the same elements), as 
Mr. Cavendish procured it by the decomposition of dephlogisticated 
air, both of us using electric sparks. 

Now it is probable that, although most kinds of air, even those that 
have chemical affinity, will remain diffused through each other, yet in 
the upper regions of the atmosphere, above that of the winds, there 
may be a redundancy of inflammable air. In this region there are 
many electrical appearances, as the aurora borealis, falling stars, etc., 
and in the lower parts of it thunder and lightning, and by these means, 
the two kinds of air may be decomposed and a highly dephlogisticated 
nitrous acid, as mine always was, procured. 

This, being formed, will of course attach itself to any snow or hail 
and by this means be brought down to earth. Wishing that a fact of 
so extraordinary a nature, and which has probably more important 
consequences than I can foresee, may be further investigated by your 
presenting this communication to the Philosophical Society. 

Tam, Dear Sir, 
Yours sincerely, etc., 
Joseph Priestley. 


This letter has been quoted at some length, not only because of its 
bearing on the question of niter deposits but chiefly because it was proba- 
bly the last publication of this versatile researcher. In Vol. VI, Part I, 
190. of the Transactions the following notice appears: 


On Monday, Feb. 6th., 1804, at Northumberland (Pennsylvania) 
which had of late years been the place of his residence died— The Rev. 
Joseph Priestley, L.L.D., F.R.S. 


The Spanish and Indian niter was obtained by leaching a certain kind 
of black mould which in both countries had yielded niter for periods of 


16 PRIESTLEY, J., Trans. Am. Phil. Soc. [1], 6, 129 (1809). 
1 PRIESTLEY, J., 2bid. 5, 36 (1802). 
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at least fifty years and still continued (1806) “‘to afford undiminished 
quantities.” The product was contaminated with “‘muriate of soda, 
sulphate of magnesia, nitrate and sulphate of lime.’’ Dr. Brown con- 
cludes that ‘‘there appears to be such a relationship between these saline 
substances, both acids and alkalies, that the causes which produce one 
of them, owing to some yet undiscovered circumstance, regularly produce 
all the rest.” 

The fact that the annual yield was undiminished led him to remark 
that “both acids and alkalies are wholly formed from the atmosphere, 
and not from the soil . . . as the soil would certainly be exhausted . . . and 
would lose its power of attracting from the air the other constituent princi- 
ples of the salts.’’ He further asks: “How is this fact related to nitre 
in calcareous caves, filled with clay, without air and sunshine and a maxi- 
mum temperature of 57°, and is it certain that nitrates of pot-ash formed 
from such diverse sources have identical properties?” 

Hoffman had made the observation that nitrate of potash affords an 
alkali very different from that of wood ashes or salt of tartar. Dr. Brown 
concludes that “‘the observations of so distinguished a philosopher deserve 
attention and his experiments if repeated by modern chemists could 
scarcely fail of affording important results.’ 

The niter produced from the caves and the salt extracted from the sand- 
stone differed in many properties. Sand rock niter had a different crystal 
form, was drier, harder, and the powder makers affirmed that it made 
better gunpowder. Little or no wood ashes were needed in its prepara- 
tion. 

These facts were well known to Dr. Brown and he attempts to explain 
them by the following reasoning: 


Chaptal, Guyton, and indeed most of the modern chemists, suppose 
that pot-ash consists of hydrogen, carbon, and azote. Mr. Guyton 
thinks that soda is composed of magnesia and hydrogen, and that 
magnesia is a compound of lime and azote, and therefore that soda 
is made up of hydrogen, carbon, and azote. He is then of the opinion 
that pot-ash, soda, lime, and magnesia are nothing more than varied 
forms and proportions of the same constituent ingredients differing 
from each other in the quantities and force of attraction. He con- 
cludes that this is the true explanation of the apparent conversion of 
lime and soda in the calcareous caverns and by the change of what the 
workmen called cubic salts into nitrate of pot-ash. 


Woodhouse probably had prepared potassium before Dr. Brown wrote 
his memoir, but the discovery of nitrogen fixation by bacteria was not 
to come until many years later. Lacking this knowledge one understands 
the difficulty in comprehending the reason for the origin and differences 
between the nitrates of calcium and potassium. 
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Modern analyses* of soils seem to verify the supposition that the sand 
rock niter was actually potassium nitrate. The data show that soils 
from the sandstone regions contain larger quantities of soluble potassium 
salts than soils from limestone areas, and certain soils are “spotted’’ with 
patches containing higher concentrations of that element, the source of 
supply having been traced to the country rock. (Unpublished communica- 
tion, Dr. A. M. Peter.) 

Recently further confirmation of the presence of potassium nitrate in 
the sandstones of the region has reached the writer. Mr. Emerson G. 
Cobb, of Union College, Barbourville, Kentucky, examined the sand- 
stones along the Cumberland River and was able to isolate this salt. His 
report in part reads as follows: 


Five samples of sandstone were tested, three of which contained 
potassium nitrate, one calcium nitrate with a trace of strontium. 
The sample richest in potassium nitrate was obtained near the opening 
of an old coal mine and contained some carbonaceous material. 


About 150 pounds of crushed rock were leached with boiling water. 
The solution was concentrated, decolorized with bone black, and evapo- 
rated to incipient crystallization. The yields were much lower than 
those reported by Dr. Brown, but the Barbourville samples came from 
younger geological strata (Pennsylvanian) than those of the Rockcastle 
region (Mississippian), and from locations that offered no such oppor- 
tunity for concentration of soluble salts as was afforded by rock houses and 
shelters. 

Nitrate deposits in caves and other locations sheltered from excessive 
weathering are generally supposed to be the result of nitrification of bat 
guano. Clark gives an extensive bibliography of the literature which 
discusses the animal origin of nitrates in various regions of the world." 

Such a theory does not seem to explain adequately the nitrate deposits 
in the Rockcastle region. The statement made by Dr. Brown that the 
leached earth was replaced to be again impregnated with nitrates, and his 
observation that the drainage water of the cave had the same properties 
as the leach liquor seems to point to other sources of nitrogen. 

The fact that ‘“‘there are no substances in a state of putrefaction within 
the cave’ (Great Cave) made it impossible for Dr. Brown to advance 
any theory to account for the presence of nitrates. Modern literature 


* M. Glasenapp™® describes an impregnation of potassium nitrate in the Senonian 


sandstones of the Caucasus. 
18 GLASENAPP, M., Ann. Geol. Min. Russie, 12, 42 (1910). Abstract cited by 


CLarK. See footnote 19. 
19 CLaRK, ‘“‘The Data of Geochemistry,’”’ U. S. Geol. Survey Bull. 770, Washington, 


D. C., 1924, p. 254. 











Courtesy W. S. Webb 
PART OF THE CAVERN RooF OF GREAT CAVE ON CROOKED CREEK 


The rock from the cracks gave a test for nitrates. Drops of leach water are clearly 
visible in the original photograph. 


throws some light on the question. Hess” has studied the deposits in 
Mammoth Cave and certain Indiana caverns and made analyses of the 
floor material and the leach liquors. He reports that the cavern earth 
was worked for nitrates for a distance of over five miles from the opening 
and bats do not usually penetrate to such distances. Moreover, he states 
that organic matter of any kind is rare in cavern earths. 

Analyses of the subsoil over Mammoth Cave and a sample of cave earth 
collected underneath the spot where the subsoil was located seemed to 
indicate that soluble material in the cave earths might have been leached 
from the soil above. An analysis of the residue from water which dripped 
from the roof of Mammoth Cave showed 5.71 milligrams per liter of nitro- 
gen reported as the pentoxide. 

It would seem reasonable to suppose that nitrates in Great Cave were 
actually brought in by percolating water and were not wholly derived 
from bat guano or other organic material deposited in the cave. 

The theory outlined above has been disputed by Nichols,?! who attempts 
to prove that Hess’s analyses should not be interpreted in this manner. 


2 Hess, J. Geol., 8, 129 (1900). 
21 NicHo.s, ibid., 9, 236 (1901). 
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Courtesy L. P. Edwards 
“GypsuM FLOWERS” FROM GREAT ONYX CAVE 























The presence of nitrates in the sandstone rocks of the Rockcastle area 
apparently introduce a new factor not considered by these workers. 
Periodical examination of soil from Great Cave and systematic analysis 
of the sandstones with careful correlation of geological horizons seems to 
be the proper method of attack for the solution of this interesting problem. 
ng Rock was recently collected from crevices in the roof of Great Cave. 









- This material had been deposited from water seeping through the roof. 
The location offered no opportunity for any great concentration of soluble 
ih salts, but a 5-gram sample contained 0.025 per cent. of nitrogen reported 
9 as nitrate.* The place from which the sample was procured is clearly 
d shown in the illustration on the preceding page. 
d Other minerals occur in the caves besides those mentioned in the earlier 
<i portion of this paper. Manganese oxide and sodium sulfate occur in abun- 
dance in some locations, and calcium sulfate is found as masses of gyp- 
: sum in the unusual form of rosettes known as “gypsum flowers.” 
d The purpose of this paper is to call to the attention of modern scientists 
| the career of one of the early chemists of the West, and also to emphasize 
. anew the importance of the niter industry of Kentucky. It is possible 
that the War of 1812 would have ended in defeat if the army and navy 
of the young Republic had been dependent upon foreign sources of supply. 
* Analysis by H. P. Orem. 
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No attempt has been made to examine the chemical texts of the period 
for material on the niter industry, but Cutbush” in his “System of Pyro- 
techny’’ discusses the subject at length. An account of this “magnum 
opus”’ of Cutbush will be found in Edgar F. Smith’s delightful little book, 
‘James Cutbush.’’?* 


* * * * * * 


The writer takes this opportunity to express his appreciation for many 
courtesies received from Mrs. Charles F. Norton, Librarian of Transyl- 
vania College. 

Mr. Harry E. Bush, formerly of this University, aided in the collection 
of material. 

Thanks are especially due Professor W. S. Webb, of this University, 
for lending many valuable photographs and aiding in the exploration 
of Great Cave, and to Dr. A. M. Peter, dean of Kentucky chemists, for 
valuable advice and information. 

The old Staffordshire bowl is reproduced below through the courtesy 
of Mrs. Charles F. Norton. 


22 CuTBUSH, ‘“‘System of Pyrotechny,’’ Philadelphia, 1825, p. 54. 
23 Situ, E. F., “James Cutbush,” J. B. Lippincott Co., Philadelphia, 1919, p. 82. 
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COMPARISON OF CHEMICAL REACTIVITY 


HoMER ADKINS, UNIVERSITY OF WISCONSIN, MapISON, WISCONSIN 






The relative chemical reactivity of organic compounds may in general 
(for the present) only be defined in terms of reference to the experimental method 
of acquiring the data used in making the comparison. The various experi- 
mental methods for the comparison of the chemical reactivity of two or more 
compounds may be classified upon the basis of whether the comparison is made: 
of the extent of a reversible reaction, of the rates under identical conditions of a 
reversible or irreversible reaction which occurs free of side reactions, of the 
severity of conditions necessary to induce a given type of reaction to occur, 
of the relative rates of competitive reactions as measured by the ratio of products. 











It is increasingly necessary in teaching and in experimental investiga- 
tions in organic chemistry to compare the chemical reactivity of the 
members of a group or series of compounds. The phrase “chemical re- 
activity’ covers such a variety of phenomena that it is lacking in precise 
definition. In fact, it may be defined properly (at least for the present) 
only in terms of reference to the particular experimental~method of ac- 
quiring the data used in making the comparison. A good deal of confusion 
of mind and waste of space in the literature has occurred because some 
individuals have attempted to carry over comparisons made by one ex- 
perimental method into the interpretation of phenomena which were de- 
pendent upon quite a different set of factors.* It therefore seems worth- 
while to attempt to differentiate the various methods by which conclusions 
have been arrived at with regard to the relative chemical activity of the 
members of a group of compounds. 

Comparisons of the relative chemical reactivity of various compounds 
fall into two groups, i. e., (A) those that depend upon the concentration at 
equilibrium in a reversible reaction and (B) those that depend upon the 
relative rates of reaction. These two phases have been variously char- 
acterized as “affinity and rates,” “point of equilibrium and degree of 
mobility,” ‘extent and speed.’’ The terminology is relatively unimportant 
but the realization of fundamental difference between the two groups of 
phenomena is of primary significance. 

The rate phase of the problem of the relationship of constitution to 
chemical reactivity logically is divisible further into three sections because 
of the fundamental differences in the types of experimentation which must 
be resorted to in making the comparisons. In the first type of experimenta- 
tion (B,) rates are measured under identical conditions for the members 
of a group of compounds. In the second type of experimentation (Bz) 
the severity of the conditions necessary for bringing about a given transfor- 

* Conant, Lapworth, Norris, Kon, Linstead, and others have been very careful to 
differentiate between comparisons of chemical reactivity made by various methods. 
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mation are determined for the compounds to be compared. In the third 
type of experimentation (B;) the relative rates of simultaneous or com- 
petitive reactions are determined (for each of the compounds to be com- 
pared) under a standard set of conditions; actually the amounts of the 
products obtained from each compound are usually determined and com- 
pared with each other or with the amount of the original compound which 
underwent reaction. 


A. Comparison of Chemical Reactivity on the Basis of a Reversible 
Reaction 


This method of comparison usually depends upon an experimental 
determination of the effective concentrations of the reactants at equilibrium 
(reactions 1-9) or of the potential (reaction 10) at equilibrium in a system 
that can be studied electrochemically. Among the systems which have 
been studied are the following: 


RCO.H + R/OH —~ RCO.R’ + H,0 (1) 

RCHO + 2R’OH ~— RCH(OR’), + H:0 (2) 

R:CO + HC(OEt)s ——~ R.C(OEt), + HCO,Et (3) 

2RCH,:CHO —— RCH:CHOHCH(R)CHO (4) 

R;C —CR; =e 2R;C— (5) 

RC(O)CH2C(O)R’ —— RC(OH)==CHC(O)R’ (6) 

RCHO + HCN —— RCH(OH)(CN) (7) 

RCH=CHCHR’R” ——» RCH:CH=CR’R’” (8) 

R,CHCH(Br)R —— R;,C(Br)CHaR (9) 

CR ee Phy 


Comparisons as to relative chemical reactivity may also be based upon 
reversible reactions in which there is competition for a reagent as in reac- 
tion 11. 


11. RNH: + R’NH: + 2HCl ——~ RNH;Cl + R’NH;Cl (39) 


Conant has recently reported some very interesting comparisons of the 
relative acidity of a series of very weak acids (mostly hydrocarbons) based 
upon competition in a reversible reaction 12. 


12. RH + R’Na —— RNa + R’H (12) 


However, in this case the experimental determinations were not based 
upon concentrations at equilibrium as in reactions 1-9, nor upon a potential 
as in reaction 10, nor upon relative amounts of products as in reaction 11, 
but upon whether in a given case a reaction had taken place. This fact 
became significant in placing the acids in their proper order because of the 
choice and number of competitions submitted to test. 
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B, Comparison of Chemical Reactivities on the Basis of Relative 
Rates of Reaction under Identical Conditions 


A comparison is made of the rates of reaction occurring under exactly 
the same experimental conditions with respect to temperature, concentra- 
tion, catalyst, solvent, etc., in which only a single set of reaction products is 
formed. Many such comparisons have been made upon both reversible 
and irreversible reactions; among the latter may be cited the following: 


. RCI + KI > RI + KC! (13) 
| RX + C;HioNH — > C;HisbNRHX (14) 

. (CsHs),CHCI + ROH —— (C.Hs),CHOR + HCI (15) 
_ RI + CsH;CH,ONa ——> C;H;CH2OR + Nal (16) 

. ROH + R’COCI —— R’CO.R + HCI (17) 

. RNCS + R‘/OH —— RNC(SH)(OR’) (18) 


Comparison of the Severity of the Conditions Necessary to Induce 
a Given Type of Reaction to Occur 


One of the very common ways of carrying out a comparison of the relative 
chemical reactivity of two or more compounds is on the basis of the tem- 
perature, pressure, concentration, or ‘‘activity” of the reagent, catalyst, 


etc., which are required to bring about a given type of transformation. For 
example, the concentration of acid required for the absorption of the alkenes 
varies with the constitution of the hydrocarbon (19). . Various substituted 
malonic acids and triphenylmethyl ethers begin to decompose to a meas- 
urable extent at temperatures which depend upon their structure (20).* 
Alkenes are hydrogenated over nickel at much lower temperatures than 
are benzenoid hydrocarbons (22). Certain hydrocarbons are cleaved by 
sodium-potassium alloy which are stable toward sodium amalgam (21). 
Oxygen is absorbed rapidly at 25° by certain hydrocarbons while others 
are unaffected (11). Di-o-chlorobenzoylethylene, for example, is reduced 
by a reagent having a lower reduction potential than is effective against the 
p-chloro compound (23). Dialkyl acetoacetic esters may be cleaved by an 
amount of catalyst (sodium ethoxide) which is but a small fraction of that 
necessary for the cleavage of monoalkyl acetoacetic esters (24). Phenols 
may be halogenated to a greater extent and with a less concentrated reagent 
than the parent hydrocarbons. Tertiary alcohols may be dehydrated at a 
lower temperature than secondary or primary alcohols (25). Aryl chlorides 
resist hydrolysis under conditions of temperature and reagent which 
would induce a rapid reaction in the case of alkyl chlorides. 


* There was found to be a parallelism between the effect of R upon the tempera- 
ture of decomposition of the ethers and the effect upon the reactivity of the alcohol in 
reaction 17, 
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B;. Comparison of Chemical Reactivities on the Basis of Relative 
Rates of Competitive Reactions 


All of the above methods for the comparison of relative chemical re- 
activities rest on the assumption that only a single set of reaction products 
is formed. A more complicated situation is all too often encountered in 
which a comparison of chemical reactivity must be based on the relative 
amounts of different sets of products. Under this head come the most 
numerous comparisons of chemical reactivity. Several illustrations of 
these competitive reactions which have been more or less carefully studied 
for a series of compounds are given below: 


7RCH:CHO 
19. RCH:CH:0HC (26) 
RCH»—CH2 
C;H;N(Br)CH(CH;)R 
20. RCHBrCH; + CsHsNC (42) 
RCH=CH, + C;H;NHBr 
ZRH + R’HgCl 
RHgR’ + HCI 27 
R’H + RHgCl 
7 CeHuCH:0H 


NC,H;CH; 


7RCOOH + CH;C(O)R’ 
RC(O)CH2C(O)R’ + H:0¢ 
R’/COOH + CH;C(O)R 
CoH NO2)CH2CO2H (ortho) 
C,.H;CH,CO,H + HNO;— (meta) (41) 
— (para) 
ZRCHBrCH:R’ 


CsH;CH,OH + He (28) 


(29) 


RCH=CHR’ + HBry. (43) 
RCH:CHBrR’ 


RCHCICH 
"e * (40) 


( 
“RCH.CH.CI 
O—N=O 


RCH:CH; + Ch 


Fite 
RX + AgNO: 
RNO, 
pia: i is (31) 
&g * 
“R—R + MgX: 
hCH2)n=CO 
(CHz)n(COz)2Cac (32) 
nHen, etc. 
CHBrCO-Et “<r 
7 ‘is CHCO.Na 
\ CHOHCO.Na 


| 
R,CCH:CO.Na d 
RR 'COH ZR ’*RCC(O)R 


| 
RR’/COH YR’R:CC(O)R’ 


(30) 


RX + M 


R,CCH.CO.Et + NaOH (33) 


RH 
RN,CI + R’OHC (34) 
ROR’ 


a 2 =m =m eS = 6 + 2 Bf pl 
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Interpretation of Experimental Results on Comparisons of Chemical 
Reactivity 


There are certain inherent difficulties and sources of probable error in 
almost all methods of comparing the chemical reactivity of compounds 
that should be kept in mind. There is often the difficulty with reversible 
reactions if any extensive list of compounds is studied that for many 
of them the reactions will go so far in one direction or the other as to 
make the determination of concentrations at equilibria impossible. In all 
studies of the variation in the concentration at equilibrium with variation 
in the structure of the reactants there is a strong probability that the con- 
centrations as measured will not be the true concentrations or activities. 
This is true because of the prevalence of molecular association among 
organic compounds, especially those containing oxygen and nitrogen, which 
are of the most interest. Furthermore, there are few, if any, single equi- 
libria among organic reactions. For example, the reaction of an aldehyde 
with an alcohol to form an acetal (reaction 33) certainly involves at least 
three equilibria besides those concerned with the catalyst (38) : 


38. RCHO + R’OH —— RCH(OH)(OR’) 
34. RCH(OH)(OR’) + R’OH —— RCH(OR’), + H:O 
35. RCHO + H.0 —— RCH(OH): 


A comparison of rates of reactions of a group of compounds encounters a 
somewhat different set of difficulties. This basis of comparison is neces- 
sarily limited to those systems in which a single reaction occurs without 
competition. Impurities so small in amount as to have no appreciable 
effect upon concentrations may yet profoundly affect the rate of reaction. 
These impurities may have been present in the original reactants and it 
may be practically impossible to avoid them, or they may be produced 
during the course of the reaction. One of the normal reaction products 
may be far more effective in inhibiting or accelerating the reaction in one 
case than in another. Ifa catalyst is necessary either in a homogeneous or 
heterogeneous system, often the unanswerable question arises as to whether 
the ratio of catalyst shall be kept constant with respect to the weight of 
reactant A, to the moles of reactant A or with respect to the weight or 
moles of reactant B. There is no doubt that the more experience an in- 
vestigator has had in rate studies the less significance does he attach to any 
except the larger differences in rates. 

Another difficulty arises in that it is usually impractical to find a single 
set of conditions of temperature and concentration at which a large group of 
compounds react. The comparison then must be made on the basis of 
severity of the conditions necessary for the reaction. The comparisons 
made upon this basis are admittedly of considerable practical importance 





1870 JOURNAL OF CHEMICAL EDUCATION Novemsmer, 1932 


and include most of the comparisons that are commonly used in teaching, 
yet it is difficult to express them in precise quantitative terms. 

Experience has shown that there is no necessary correlation between the 
rate at which a reaction proceeds and the extent to which it goes, 7. ¢., there 
is no necessary connection between the rate of a reaction and its driving 
force or decrease in free energy (35), (44). For example, furfural reacts 
with ethanol several times as rapidly as does acetaldehyde, yet at equi- 
librium the percentage conversion is much higher for acetaldehyde than for 
furfural (2). This, of course, is not saying that there is no connection 
between the rate of a reaction and thermodynamics. It is merely stating 
that the driving force or decrease in free energy is only one of the factors 
determining reactions, and that in many reactions it is not a very important 
one in determining rates of reaction. Space factors, the ‘‘a’”’ term in van 
der Waal’s equation, and orienting or activating characteristics, etc., may 
play the determining réle. The statement made above does mean that it is 
certainly unsafe to attempt to draw definite conclusions as to electronic 
structure on the basis of results obtained from studies of rates of reaction. 

The relative rates of competitive reactions (B;) are so much a function 
of experimental conditions that there appears to be even less correlation 
between driving force and rates than for the simpler reactions in the two 
groups (B;, Bs) previously discussed. Very slight changes in the catalyst, 
temperature, reagent, or structure of compounds involved oftentimes 
suffice profoundly to modify the ratio of the products. For example, 
Ruzicka (32) has shown that the rings containing six or more carbon atoms 
are approximately equally stable, yet there is an enormous variation in the 
ratio of products obtained in attempting to prepare cyclic ketones from 
the salts of the dibasic acids asin reaction 29. Similarly, the experimental 
work of Reynolds on the ratio of nitroparaffins and alkyl nitrites, produced 
as in reaction 27, showed that the electrical character of the components of 
RX was not a determining factor (30). 

Despite many such facts more conclusions have been drawn with re- 
gard to “electronic structure” ‘‘negativity,’’ and ‘‘electronegativity” on 
the basis of relative rates of competitive reactions than upon the basis of 
any other experimental procedure. Perhaps this is so because of the 
superficial resemblance of reactions 19-32, inclusive, with those listed as 
11 and 12 under ‘‘A.’’ However, in the former case there is no true equi- 
librium but merely a balance as between the amounts of the products. 
In such a competitive reaction as studied by Kharasch (27), for example, 
there is no equilibrium between the products; therefore, the ratio of the 
amounts of the products is not a measure of the electronegativity of R 
and R’ but is merely an indication of the relative rates of two competitive 
reactions. It is, of course, possible that the relative electronegativity of 
the radicals attached to the mercury atom is really the decisive factor in 
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determining the ratio of the products. It would be as unwise for the 
present author to deny the possible validity of the method as it is for 
Kharasch to maintain it until he has demonstrated that the relative 
electronegativity of the radicals is the decisive factor involved. 

There is no intention on the part of the author of minimizing the impor- 
tance of studying the relative rates of competitive reactions by insisting 
that such studies cannot be depended upon to show the relative strength of 
bonds, relative electronegativity, etc. Quite the contrary view is held, 
for it appears to him that in no inconsiderable degree the progress of or- 
ganic chemistry lies through such studies. In fact, one of the most im- 
portant groups of problems in organic chemistry is concerned with the 
control of the ratio of competitive reactions. It is a matter of hope and of 
satisfaction to know that in a great many cases the ratio of reaction prod- 
ucts is not determined by the laws of thermodynamics, but that it may 
be modified more or less in accord with the desire of the chemist. The 
chemist in this field of experimentation is not like the engineer of a locomo- 
tive who must drive where the rails lead, rather is he like a man at the wheel 
of acar who has many roads open to him to be followed at his pleasure. 























Summary 





The various experimental methods for the comparison of the chemical 
reactivity of two or more compounds may be classified upon the basis of 
whether the comparison is made: (A), of the extent of a reversible re- 
action; (B,), of the rates under identical conditions of a reversible or ir- 
reversible reaction which occurs free of side reactions; (Bz), of the severity 
of conditions necessary to induce a given type of reaction to occur; (Bs), 
of the relative rates of competitive reactions as measured by the ratio of 
products. * 

It has been pointed out that in almost all of these methods of compari- 
son, in so far as they have been developed at the present time, there are 
certain difficulties and sources of error which should prevent an investi- 
gator or reader from unreserved acceptance of the results. It has been 
especially emphasized that the method of comparison based upon rates of 
reaction (B:, Be, Bs) cannot safely be used for the purpose of drawing 
conclusions as to the relative electronegativity (in any fundamental sense) 
of radicals. In many cases, especially with competitive reactions (Bs), 



















* The phrase, reversible reaction, as used in this paper refers to a reaction which 
proceeds in both directions, in a homogeneous system, to a measurable extent, under a 
single set of conditions. Perhaps a majority of organic reactions are ‘‘reversible” in the 
sense that under one set of conditions the reaction goes to the “right” and under another 
set to the “‘left.”” However, a ‘‘reverse’”’ reaction which is not occurring to a measurable 
extent, at a given temperature and other experimental conditions, cannot affect the rate 
or relative rates of reactions that are being measured under the specified conditions. 
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the electrochemical character of the components of the reactants appears to 
play a rather unimportant réle in determining the rates or the ratio of the 
rates of reactions. 
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GROUP RESEARCH 


The viewpoint of science is changing with the rapid extension of our knowledge. 
There was once a time when an Edison could know all there was to know about the 
electric light and the phonograph, or when a Bell could know all there was to know 
about the telephone. Each little phase of these fields has now become a field of its own 
in which intense specialization is needed for a competent knowledge of the subject. 
Technical workers frequently isolate themselves in order to focus their attention more 
effectively on the one narrow field of their scientific endeavor. 

Industry has recognized these changes and has created large research and develop- 
ment organizations to meet the situation. These research organizations are composed 
of men having widely different training, many of them specialists in a very small portion 
of the field. By bringing together into a single picture the knowledge which each of 
these possesses, industry can carry forward the type of scientific development required 
to meet present-day competition. Let us take an example in the field of materials of 
construction. To select the proper material for a piece of work, it was once only neces- 
sary to know the tensile or compressive strength. With our growing knowledge of the 
subject, physical properties of materials now represent a field in itself; but the present 
problem of selecting materials has become more complicated than that. It requires also 
the expert advice of a metallurgist, of a man who knows behavior of materials under 
corrosion, and possibly the advice of a paint expert on protective coatings. 

Up to this point, we have recognized the importance of intense specialization as an 
aid to industrial research, but these research organizations have another problem, 
namely, the codrdination of knowledge. There is a need for a scientist who has a wide 
knowledge of his field, who can determine what tools and measurements will be necessary 
in the solution of his problem. He must possess the imagination to consider possibilities 
outside the range of the immediate experimental program and he must have the wisdom 
to select those new trends which appear most promising. Such a man does not develop 
in isolation, but finds his training field in the association with a wide variety of scientists 
and business men. Real leaders in research and development are rare and there is a 
tendency in industry to recognize that even the best of these are not alone competent to 
render decisions of policy which affect the major phases of an industry. In such cases 
the decisions are delegated to groups of such men acting as a committee.—LINCOLN T. 
Work via The Chemical Digest 









































WRITING POPULAR CHEMISTRY 


Watson Davis,* Science Service, 2lst AND CONSTITUTION AVE., WASHINGTON, D. C, 


In writing an article on chemistry, whether popularized or technical, 
it is important first to have something to write about. There must be the 
need for telling your potential readers some new facts or giving a new 
interpretation that will interest them. The content of your article must 
be new and intriguing to your readers, though the story may be old to those 
specialists working in a particular sector of the chemical area. 

Unlike fiction, science popularization is not necessarily self-sufficient 
because it is beautifully executed. Science exposition is the frequent 
medium of pleasing literary effort and emotional thrills. But the good 
writing must be superimposed upon a useful foundation of fact. The 
literary superstructure is useful in attracting the reader to peer at the 
buttresses of experiment and solid conclusion. If the writer desires to 
achieve literary effect above all else, let him stick to fiction and not mix it 
with science. 

The popularizer of science must be an interpreter. The man in the 
street, despite his glib superficial acquaintance with the products of a 
chemical civilization, knows nothing of the difference between a mixture 
and a compound, an atom and a molecule, or an elemental and complex 
substance. He thinks H stands for something else than hydrogen, and O 
means an exclamation. His ABC knowledge of chemistry hardly extends 
beyond the labels of the vitamins. To explain the neutron, for instance, 
a process of recapitulation must raise the reader out of the depths of al- 
chemy, through the minds of Dalton, Mendeléeff, Moseley, Rutherford, 
to the past few weeks of modern physical and atomic chemistry. Embry- 
onic recapitulation is almost simple compared with this intellectual evolu- 
tion that must be achieved in a few hundred words read by a hurried 
glancer at headlines. 

Woe be to the popularizer or expositor who goes at his task with the 
attitude of the teacher! That ‘‘Now, children!’”’ attitude will alienate the 
ex-school boys and girls who are the men and women of today. It will 

even scare off the school children of today. The press or periodical is no 
school room with so many minutes of time turned over to it exclusively. 
It is in continual and fierce competition with the radio, the talkies, next- 
door gossip, or general apathy. So, while the chemical writer must be 
conscious of the immensity of his task, the necessity of turning technical 
jargon into journalese, and the injection of background, he must do it as 
though it were good fun for him and for-his audience. The atmosphere 
must be more like that of the vaudeville stage than that of the pulpit. 

In putting on a chemical show in words, the chemist should not be 
portrayed in the rédle of a magician who guards the secret of his tricks. 


* Managing Editor, Science Service. 
1874 
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The scientist is not a wizard (feminine form—witch). The scientist is 
just the opposite of the medicine man or wizard. He does not have to use 
incantations, he uses catalysts. The chemist may not yet know just how 
and why the catalysts perform the functions they do, but he has sound 
experiment upon which to base his process and theory. The scientist does 
not confuse the laws of nature; he discovers and clarifies them. 

The mechanism of scientific discovery and the technical application of 
science should be clearly outlined in chemical exposition. No mode of 
human action is more important than the scientific method of formulating 
theories from facts and testing those theories with more facts, always more 
facts. If applied to the science of living, the “‘scientific method’’ would 
solve many current problems. The story of every chemical achievement, 
old or new, gives the opportunity of demonstrating the fundamental 
quality of the scientific method. 

While demonstrating the method of science, the chemical writer must not 
preach or propagandize. Ifthe layman, once shown them, does not enter of 
himself the pearly gates of science, that is sad, but those who do not enter 
willingly with their minds make poor citizens of the intellectual realms. 
They would undoubtedly harp too much, strike sour notes and spoil the 
harmony of straight thinking. No good purpose will be served by making 
the public acutely chemistry-conscious. One can breathe efficiently and 
happily without thinking with each inhalation: ‘‘Ah, I have in my lungs a 
mixture of oxygen, nitrogen, and some of the rare gases, neon, argon, 
krypton, etc.” 

Practitioners and expositors of chemistry need not overlook opportuni- 
ties for displaying chemistry to the public. They need not be bashful 
about seizing them or even manufacturing them. If chemistry displaces 
less fundamental material on the public’s reading menu they need not feel 
guilty, nor should they feel too righteous. 

This article is supposed to tell how to write entertaining and informative 
articles on chemistry. I wish I could give a formula like: (CsHi00s), + 
C = applause and enlightenment. But alas, the state of the art or tech- 
nology is not such that the process of successful technical writing can be 
transferred from one human production unit to another. Much more 
research is necessary and the investigations must lie mostly in the complex 
field of human psychology. 

But I do feel that the ingredients of a successful popularization of chemis- 
try must include a foundation of fact, a flavor of simplicity, a dash of 
“Oh, my!” a vivid background, a touch of the creative mind, a little essence 
of human interest, all stirred by the personality of the writer before it can 
be consumed. with gusto by a satiated public. 

The perfection of the process must be left for those interested in tackling 
this difficult problem of chemico-human engineering. 








































THE RELATION OF PHARMACOLOGY TO HYGIENE, PUBLIC 
HEALTH, AND CHEMISTRY 


Davip I. Macut, PHARMACOLOGICAL RESEARCH LABORATORY, 
Hynson, Westcott & DUNNING, INC., BALTIMORE, MARYLAND 


Broadly speaking, pharmacology is a subject as old as the history of 
medicine since man has been using medicinal substances for the cure and 
treatment of various ailments from time immemorial. Its status has been 
engaging the attention of medical professors and scientists for the last few 
years. Unfortunately, this science has come to the front in what may be 
termed a negativistic manner. The aims and methods of this department 
of knowledge have certainly been greatly misunderstood not only by chem- 
ists and pharmacists but also by many medical men. It is therefore high 
time to convey to both physicians and the general public a proper con- 
ception of this subject. 

To begin with a broad definition, pharmacology may be described as that 
great department of biology which deals with the alterations in living 
organisms or tissues and their functions produced by matter—using matter 
in the chemical sense of the word. Inasmuch as the recent advances in 
physics and chemistry have shown that there is no sharp line of demarcation 
between those two sciences, pharmacology may be said to deal with the 
changes in living organisms produced by physicochemical agents. There 
are two aspects of this science. On the one hand, the student may be 
interested in the medicinal or beneficial effects of drugs and chemicals for 
living animals and plants; and that is the phase with which the physician 
and medical student are primarily concerned. On the other hand, pharma- 
cological study of drugs and chemicals may be principally directed to an 
inquiry into the destructive, deleterious, and injurious effects of physico- 
chemical agents; and this aspect of the subject is generally termed toxi- 
cology. Ina lecture which I gave four years ago, I discussed at length the 
aims and methods of modern pharmacology, especially in relation to its 
medical aspects or its so-called therapeutic applications. In the present 
essay it is my purpose to call attention to the importance of pharmacologi- 
cal study in relation to toxicology and industrial hazards or the value of 
pharmacology from the standpoint of hygiene and public health. 

In relation to hygiene and public health pharmacology is really broader 
in scope than it is in relation to therapeutics, or the application of drugs to 
medical practice, because here, as in the strictly medical field, the well- 
known dictum of Hippocrates, Nolle nocere, holds equally well. We must 
first learn not to do harm before attempting to produce a beneficial effect 
with a drug. The still older Eastern prophet puts it in other words: 
“Depart from evil and do good’’—first avoid danger and then try to do 
constructive good. In the domain of public health and hygiene, the term 
toxicology embraces not only the toxic effects of drugs as compared with 

1 Macnt, J. Am. Pharm. Assoc., 17, 7-17, 111-21 (1928). 
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their therapeutic properties but also every range of human industry and 
endeavor, wherever chemicals of any kind have an opportunity to exert 
their influence on the physiological functions of men and animals and 
even plants. In other words, pharmacology has a direct bearing on 
industrial diseases and occupational intoxications. With the enormous 
development in modern industry poisons of one sort or another must be 
constantly guarded against in almost every large manufacturing plant. 
Among the most important poisonous substances to be considered by the 
pharmacologist and toxicologist in connection with public health are: 
first, poisonous gases; second, metallic poisons of various kinds, more 
particularly, lead, mercury, arsenic, phosphorus, antimony, etc.; third, 
the numerous organic chemicals which are manufactured and newly syn- 
thesized almost daily; fourth, poisons of alkaloidal and other character 
produced either as by-products of various industries or developed through 
putrefactive processes in foods, etc.; fifth, the poisonous properties of 
petroleum and coal tar and all their by-products and intermediates. 
Pharmacological study of the various physiological and pathological 
effects produced by chemicals belonging to one or another of these groups 
offers sufficient material to engross the full-time activity of a regiment of 
scientific investigators with pharmacological training for many years. 
Such studies, while primarily of a toxicological nature and intended princi- 
pally to safeguard the life and health of those engaged in the manufacture 
of chemicals, often lead to incidental discoveries of valuable therapeutic 
properties, contributing also to chemotherapy or other medicinal uses of 
new substances. ; 

In earlier publications I have stressed the fact that in the study of 
pharmacology or toxicology of various drugs and chemicals the investigator 
must take into consideration the four dimensions of pharmacodynamics.” 
He must consider, first, the chemicals or drugs themselves; secondly, the 
animal, patient, or subject on which those substances may act, because the 
same pharmacological agents affect in widely different manner different 
species of animals and even different organs and sometimes different parts 
of the same organ; thirdly, the pharmacological effects of any given sub- 
stance must always be considered in relation to the influence of various 
extraneous factors, such as temperature, weather, barometric pressure, 
light, etc.; fourthly, the effects of various drugs and chemicals must always 
be studied not only in acute experiments but also in relation to time, that is, 
in regard to their chronic or prolonged effects and in relation to the simul- 
taneous or synergistic action of two or more substances when given to- 
gether. From the standpoint of public health it is therefore necessary to 
extend the scope of pharmacology to include not only a detailed study of 
deleterious agents or poisons but also the study of all the conditions influ- 
2 Macut, Medical Review of Reviews (July-Aug., 1932). 
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encing the reaction of such poisons whether they be dependent on the age, 
sex, race, genus, species, pathological condition, etc., of the subject itself or 
influenced by innumerable external conditions. In this connection, special 
stress must be laid at present on the effects of light and various radiations 
on human and animal life and, through their photochemical action, on 
various chemical compounds or drugs. While it is well known that certain 
ultra-violet rays, for instance, are of great hygienic value and also of thera- 
peutic importance in the treatment of diseases like rickets, it is also common 
knowledge that very severe injuries to the human organism, to other 
animals, and to plants may be produced by other ultra-violet rays and 
likewise by infra-red radiations, not to mention X-rays, radium, and radium 
emanations. Even sound waves and the so-called supersonic waves may 
produce profound physiological effects on living organisms. One of the 
problems which should engage the attention of the pharmacologist in- 
terested in public health is the danger attendant upon the use of X-rays and 
radium not merely in connection with careless therapeutic applications but 
in connection with industrial employment of these powerful agents. Thus 
we know of numerous cases of poisoning by radium in connection with the 
manufacture of radiolite clocks and watches. Even the infra-red rays are 
known to produce cataract of the eye among glass workers and other 
laborers exposed to them. 

The effects of metallic poisons are too numerous to describe fully in this 
place. Every one has heard of mercurial poisoning, acute, subacute, and 
chronic, occurring in workmen engaged in manufacture of thermometers, 
in mirror-silvering, and in other chemical industries in which mercury is 
employed. This metal is known to volatilize even at normal room tempera- 
tures. The same is true of arsenic. Phosphorus poisoning occurs in 
match factories and chemical laboratories. Lead poisoning is perhaps the 
most widespread and also the most important form of metallic poisoning 
known at the present time and certainly is the only one which has received 
adequate attention from public health men. Lead poisoning is to be 
guarded against in connection with the printing business, type-setting, 
manufacture of glass enamels and, of course, especially in the paint indus- 
try. Cases of arsenic, lead, and mercury poisoning occur among hat- 
makers. Copper, zinc, brass, manganese, antimony, nickel, and even 
cadmium poisoning are now to be reckoned with by all those interested in 
the public health from the pharmacological and toxicological point of view. 
Acids and alkalis in chemical plants lead frequently to poisoning of a severe 
character, producing both local and systemic injuries. Every toxicologist 
is familiar with cases of poisoning by sulfuric acid, nitric acid, hydrochloric 
acid, acetic acid, and hydrocyanic or prussic acid. Chromium poisoning 
belongs also to this class. Cyanides, extensively employed in the silver 
industry, frequently lead to fatal accidents. 
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Be, It is hardly necessary to state that poisoning by illuminating gas is a 
* problem of greater importance from the standpoint of hygiene or prophy- 
ial laxis than from the purely medical point of view. Carbon monoxide is a 
= very insidious poison. Even if the acute stage of monoxide poisoning be 
© tided over, chronic sequelae of the most distressing character, such as 
” softening of the brain, etc., may occur. Other important poisonous gases, 
- demanding thorough investigation by the pharmacologist in connection 
se: with public health, are sewer gases, hydrogen sulfide, ammonia gas, carbon 
is tetrachloride, etc. 

id The petroleum industry offers an enormous field of study both from the 
* toxicological and therapeutic points of view to the industrious pharma- 
y cologist engaged in public health service. Not only does petroleum itself 
° produce deleterious, poisonous effects but all the by-products and various 
. fractions obtained by distillation and other chemical manipulations are of 
d tremendous importance from the medical and hygienic point of view. 
t Here may be mentioned various alcohols, ethers, aldehydes, halogenated 
. compounds, acids, and other by-products of the petroleum industry. The 
, combustion products of gasoline are of great toxicological importance and 
. every one is familiar with the dangers of automobile exhaust gases although 
r 


their exact nature is not yet fully known. 

Benzene, toluene, picric acid, naphtha, and gasoline poisoning, having 
been studied only partially and superficially up to the present time, are all 
| subjects for the future pharmacologist’s inquiry. The addition of various 

chemicals, such as certain lead compounds, to gasoline has added new 
| hazards to that industry. Other cases of poisoning with benzene and 
related products are common among workmen in the rubber and fat 
industries. 

It is hardly worth while to enumerate all the industries in which pharma- 
cological studies would not only be valuable for the protection of health 
but might lead to interesting and important discoveries of actual con- 
structive, therapeutic value. Much pharmacological and toxicological 
investigation is still to be done in the mining and quarrying industries, 
among’ those engaged in production of clay goods, in the manufacture of 
glass and porcelain; in iron and steel works; among the makers of boots 
and shoes; in the mining and refining of precious metals; in the canning 
industry, where ptomaine and other poisons are developed by improper 
preparation or putrefaction of foodstuffs; in the soap, glue, and fertilizer 
industries, in the printing industry, in the manufacture of textiles and 
other industries involving the use of dyes, in the making of dyes themselves, 
in the manufacture of explosives, in the manufacture of hats and furs, in the 
production of buttons and other celluloid products; and in the refining of 
petroleum and the preparation of innumerable organic chemicals from coal 
and coal tar, which have contributed so largely to the comfort and welfare 
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of mankind. The production of electricity and manufacture of apparatus 
for generating X-rays and other radiations have opened new hazards in the 
field of industrial diseases and furnish a still undeveloped subject for the 
pharmacologist’s investigation. 

The diseases produced by chemicals and drugs or poisons as a result of 
various conditions may affect any or every organ and function of the human 
body. Thus, irritation and lesions of the nose, mouth, and throat are 
common among workers with heavy metals and acids, chromium, etc. 
Eyesight is endangered by various irradiations both of the ultra-violet and 
infra-red range, and eye accidents are common in iron factories. Skin 
lesions are the commonest affections noted among workmen with petroleum 
and coal tar, and one of the most serious results brought about by the by- 
products of that industry are skin cancers. Tuberculosis and other 
affections of the lungs are common among those exposed to acid fumes and 
poisonous gases as well as those inhaling finely divided particles of silica 
and other chemicals. Blood diseases of the gravest nature occur among 
those exposed to benzol, coal-tar products, radium, etc. 

The multitude and variety of subjects enumerated above are awaiting 
intensive research and investigation in schools of hygiene and public 
health by expert pharmacologists. However, those do not by any means 
exhaust the range of problems which await their attention. It is the 
pharmacologist who should be the final arbiter in problems prescribing 
stimulants and intoxicants. Alcohol poisoning, with all the far-fetched 
issues involved therein, can scientifically be solved only by pharmacologicai 
work. The same applies to the all-important subject of narcotics, opium, 
morphine, heroin, cocaine, and other such drugs, and even to the hygienic 
and physiological effects of tea, coffee, and tobacco. Consideration of all 
these topics, which are the legitimate field of pharmacologists’ inquiry, 
discloses, in the first place, the enormous stretch of virgin and unexplored 
soil demanding the attention of such experts in the domain of hygiene and 
public health and, secondly, the almost entire lack of provision for teaching 
and research in these subjects, with but few exceptions, in the leading 
universities of America. 

While the foregoing remarks have stressed the importance of pharmaco- 
logical instruction and pharmacological research, especially from the 
standpoint of hygiene and public health, all that I have stated holds equally 
well in regard to the relation of pharmacology to students and researchers 
in chemical institutes. That time is past when pharmacology was a term 
synonymous with materia medica, in the old sense of the word, which con- 
stituted a study of the medicinal properties of time-honored vegetable 
drugs plus a select number of crude medicaments of animal and mineral 
origin. Perhaps the greatest advances in the development of pharmaco- 
therapy have gone hand in hand with the evolution of the chemical sciences 
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and the discovery of the pharmacological properties of old chemicals and, 
especially, of new synthetic ones. Some acquaintance with pharmacology 
(and toxicology), that is, with the useful and harmful physiological proper- 
ties of the compounds he is handling is absolutely necessary for every 
chemical student in order to guard him from injuring himself and endanger- 
ing his fellowmen. Unfortunately, practically no instruction in the 
pharmacological and toxicological properties of chemical substances is 
imparted in any of our chemical laboratories or institutes; and no informa- 
tion on the subject is to be found in textbooks on chemistry in the English 
language. Here again, our confréres in Europe, and particularly in Ger- 
many, are far ahead of us, and the latest texts on chemistry, as, for instance, 
the fascinating ““Kurzes Lehrbuch der Chemie in Natur und Wirtschaft,” by 
Oppenheimer and Matula, and the new edition of ‘Die Alkaloide,’”’ by 
Winterstein and Trier, contain under each chemical described a section or 
chapter devoted to pharmacology and toxicology. In my opinion, a close 
coéperation of the research chemist—be he physical chemist, inorganic 
chemist, organic chemist, or biochemist—with an expert pharmacologist; 
is an absolute necessity for a well-organized, progressive chemical institute 
devoted not only to instruction but to research. Such codperation or 
team-work would be conducive not only to prevention of dangerous poison- 
ing and other harmful effects to chemists themselves and the general public 
but would also lead to the discovery of new and useful medicinal and 
hygienic applications for old and new chemical compounds and, finally, 
would serve to promote the attainment of the highest aim of both chemist 
and biologist, namely, the better understanding of the relationship be- 
tween chemical structure and physiological action of chemical compounds, 
the solution of the problem of matter and life—a subject of fundamental 
interest to both scientist and philosopher. The time is ripe for the es- 
tablishment in our leading universities of chairs for pharmacodynamics and 
toxicology, in the broader sense of the words, in connection with faculties of 
hygiene, on the one hand, and of chemistry on the other, in order to extend 
the scope of their usefulness to the advancement of knowledge and to the 
promotion of public welfare. 





UNITED STATES INSTITUTE FOR TEXTILE RESEARCH* 


WarreEN E. Emieyt 
DEPARTMENT OF COMMERCE, BUREAU OF STANDARDS, WASHINGTON, D. C. 


“Backward!’’ Between the years 1922 and 1929 this term was fre. 
quently applied to the textile industry. Other industries were enjoying 
phenomenally rapid growth of business and profits; the textile industry 
was doing little more than holding its own. The steel industry was de- 
veloping new alloys with greatly increased strength and resistance to 
corrosion; the cotton industry was making the same old product in the 
same old way. True, the textile industry is so diversified that generaliza- 
tions are difficult. The comparatively stagnant condition of the woolen 
industry was offset by the rapidity of the improvements in rayon. 

Why was the textile industry “backward”? We see now that there were 
two reasons, somewhat interdependent. Consumer prejudice, inbred 
through generations of experience, is a powerful reactionary force, and 
lack of fundamental information made the development of improvements 
excessively laborious and expensive. 

Women have come to associate certain properties with the term “silk.” 
When they want a fabric having those properties they ask for a silk fabric. 
Even if the fabric offered has all the desired properties, it is probable that 
the women would still feel that they were duped if it were not actually 
made of silk. Since the consumer has so definitely fixed in mind the proper- 
ties which a silk fabric should have, there is no inducement for the manu- 
facturer to try to improve his product. In fact, the reverse is true, for if a 
manufacturer should succeed in improving his product, he would then be 
faced with the necessity of an expensive campaign of education to prove 
that the change he made was actually an improvement. In other indus- 
tries where the products are susceptible to engineering tests, this campaign 
of education is much less expensive. 

The rayon industry is so new that the above handicap does not apply, 
and rayon manufacturers have been improving the quality of their product 
with a rapidity as great as that shown by steel manufacturers. 

Even though a textile manufacturer were free to improve his product, 
he would still be severely handicapped by the lack of fundamental data. 
A knowledge of the constitution of cellulose would be of great value in any 
attempt to change the characteristics of cotton. An ordinary stress- 
strain curve conveys rather definite information to the trained scientist or 
engineer about the plastic and elastic properties of the material, but as the 
stresses are plotted in pounds in the textile industry, instead of pounds per 

* Publication approved by the Director of the Bureau of Standards of the U. S. 

Department of Commerce. 
t Chief, Organic and Fibrous Materials Division, Bureau of Standards, Depart- 


ment of Commerce; Chairman, Research Committee, U. S. Institute for Textile Re- 
search. 


1882 





a Sa i ae 


Vox. 9, No. 11 INSTITUTE FOR TEXTILE RESEARCH 1883 


square inch, unusual care is required in their interpretation. Even the 
nomenclature presents new and unnecessary obstacles to the trained 
scientist. To learn that the size of a cotton yarn is expressed as a “‘num- 
ber,” which is the number of hanks (of 840 yards each) required to weigh 
one pound, and which is therefore a sort of complicated reciprocal unit of 
weight, is bad enough. But it is still worse to learn that the corresponding 
units for silk, rayon, wool, and linen are just as complicated, and different. 

The present generation has seen many examples of the way in which 
the growth of an industry is directly stimulated by fundamental research. 
It seems as though when new foundations are laid, the superstructure 
grows of its own accord; when new knowledge is developed, industry 
quickly finds ways to use it. This experience indicated that the quickest 
and surest way to rejuvenate the textile industry was to stimulate funda- 
mental scientific research. 

Much valuable research work in textiles was being done prior to 1929. 
The American Association of Textile Chemists and Colorists was actively at 
work on problems connected with the chemistry of dyeing and finishing. 
The American Society for Testing Materials was developing testing meth- 
ods and machines. The Textile Research Council was fostering academic 
research work. Several Bureaus of the Federal Government and many of 
the leading colleges were conducting fundamental research in textiles. 
The textile schools, several of the national associations of manufacturers, 
and many of the larger mills were doing a little fundamental and much 
applied research. The home economics departments of the colleges were 
engaged in textile research from the consumers’ point of view. 

There was therefore no dearth of activity. The chief need seemed 
to be for some means of correlation, so that all of the work could be fitted 
in to a general plan, and so that the workers and the industry could be kept 
advised of the progress being made. The need for this correlation had been 
evident for many years. In fact efforts looking toward its establishment 
had been made before the World War. 

The physical organization of the United States Institute for Textile Re- 
search, although not the idea prompting it, probably dates from a meeting 
held in Providence, Rhode Island, on October 16, 1929. This meeting was 
wholly informal, and was attended by officials of the three organizations 
named above. The need for such a correlating body was unanimously 
agreed to, and it was also decided that the time was then ripe for action. 

At its annual meeting in December, 1929, the American Association of 
Textile Chemists and Colorists endorsed the movement, appointed a com- 
mittee to see what could be done about it, and appropriated a thousand 
dollars to cover the necessary expenses. Simultaneously the Textile Re- 
search Council voted to present its constitution as the basis for the charter of 
the new research institute, to be incorporated under the laws of New York. 
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A temporary organization was perfected in May, 1930, by the adoption 
of the charter and the election of officers. P. J. Wood was elected presi- 
dent, E. H. Killheffer (president of the American Association of Textile 
Chemists and Colorists) was made chairman of the executive committee, 
and C. H. Clark (secretary of the Textile Research Council), secretary. 
To these three men great credit is due for carrying on during the next few 
months and getting the new Institute organized into a going concern. 

At the first annual meeting, held in November, 1930, Dr. Samuel W. 
Stratton was elected president. Dr. Stratton had served for more than 
twenty years as director of the National Bureau of Standards, for eight 
years as president of Massachusetts Institute of Technology and was then 
chairman of the Board of Massachusetts Institute of Technology. Under 
his wise guidance the policies of the new Institute were clearly defined. 
His personal reputation and efforts attracted many members who were 
assured thereby that the work of the Institute would be maintained on a 
high plane. It was a serious blow to the Institute when Dr. Stratton died, 
just prior to the second annual meeting in November, 1931. But the 
ideals which he set will long remain the guiding beacon for the Institute. 
His successor, Francis P. Garvan, took office in May, 1932. 

The field of the Institute is defined by the policy that it shall engage in 
fundamental research only. The distinction between fundamental and 
applied research was further elucidated by Mr. Hood (a member of the 
board of directors) who stated that if the proponent of a problem expected 
to gain any financial advantage over his colleagues by the solution thereof 
then the Institute should not undertake the work. 

The Institute has no money to spend for research. The annual dues of 
the members are hardly sufficient to pay the expenses of the central office. 
How, then, can the Institute hope to function? To answer this question 
it must be remembered that one of the primary purposes of the Institute is 
to act as a correlating body. 

Obviously, the first task was to collect information about the research 
work under way and completed, and the research personnel and facilities 
available, in all Government bureaus, colleges, private laboratories, and 
mills. Thanks to a grant of funds from the Textile Foundation, Inc., this 
survey has been completed, and the results compiled and published. This 
volume is a real accomplishment. It gives the textile research worker his 
first opportunity to learn what his colleagues have done, are doing, or can 
do. 

In order to keep this information up to date, the Institute issues to its 
members a mimeographed monthly bulletin which is largely devoted to 
abstracts of reports of current research work in textiles. 

Plans have been completed to summarize this information annually in 
book form. The first volume which will appear under the title ‘Textile and 
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Allied Research: A Review of Progress,’’ and will sell for about three dollars, 
is in preparation at the time of this writing. Massachusetts Institute of 
Technology has made it possible for the U. S. Institute for Textile Research 
to finance this publication. Each chapter of the book will deal with a 
specific branch of the textile industry. Each will be prepared by an author 
who is a recognized expert in his particular field. 

With the foundation laid by the compilation of information as listed 
above, the Institute is now ready to perform its functions as a correlating 
agent. The way in which this can be done can perhaps be best illustrated 
by a hypothetical case. 

Suppose one who has no research facilities at his disposal is interested 
in finding the solution of a certain problem in the textile field. From the 
publication mentioned above, he can ascertain whether or not any one has 
solved the problem or is working on it. If the answer is negative, he may 
present the problem to the research committee of the Institute. If the 
committee finds the problem to lie in the field of fundamental research 
rather than applied research, it will formulate a tentative program for the 
work, and ascertain the facilities necessary. A number of laboratories will 
probably be found to have the needed equipment and personnel. The 
committee will then make contact between the proponent of the problem 
and one of these laboratories, using the tentative program of work as the 
basis for discussion. If arrangements can be made for the work to be 
undertaken, the committee will continue to act in an advisory capacity. 

If the proponent of the problem does have laboratory facilities at his 
disposal, it is still obviously to his advantage to follow the same procedure. 
He can thus be assured that he is not planning to duplicate the work of 
others, and that his program of work has met the approval of men who are 
recognized experts in the particular field. 

Of course it is a function of the Institute to do work as well as to plan it. 
The founders had definitely in mind the fact that the Institute should 
eventually have a laboratory of its own, devoted exclusively to pure re- 
search in the textile field. The accumulation of the necessary funds for 
this purpose will probably be slow, but the members are determined to 
persist in driving toward this goal. 

One of the problems now being investigated may be cited as an illustra- 
tion of the kind of coéperative spirit which is abroad in the industry. 
It is customary for the finishing process to be so conducted as to leave the 
fabric more or less acid or alkaline. Both wool and silk are amphoteric 
proteins. It may therefore be assumed that the acidity or alkalinity of the 
finishing process will bear some direct relation to the durability of the 
fabric. What is this relationship? To solve this problem, the Textile 
Foundation granted funds to the American Association of Textile Chemists 
and Colorists, and the employee of this Association is working on the 
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problem at the National Bureau of Standards, the laboratory facilities and 
supervision being furnished gratis by the Bureau. The first stages of the 
problem—the determination of the iso-electric points of wool and silk by 
electrophoresis measurements—have just been completed. 

It is particularly to be noted that the Institute does not appear as such 
in the above picture. But the Institute is now established for the specific 
purpose of promoting and fostering just such coéperative efforts. 

Communications to the Institute should be addressed to C. H. Clark, 
secretary, 65 Franklin Street, Boston, Mass. 


CX, 


THE TEXTILE FOUNDATION, INCORPORATED* 


WARREN E. EMLEY 
DEPARTMENT OF COMMERCE, BUREAU OF STANDARDS, WASHINGTON, D. C. 


In 1914 the British Empire declared an embargo prohibiting the overseas 
shipment of certain textile fibers. This created a serious situation for 
American factories which were dependent upon these sources for their 
supply of raw materials, chiefly Australian wool and Indian jute. To meet 
the emergency, the American manufacturers created an organization 
known as the Textile Alliance. This was incorporated under the ‘‘member- 
ship’ law of the State of New York, which inhibited it from making a profit. 
The Alliance worked out a method for doing business with the British 
Government and was able to obtain the necessary supplies of raw materials 
for its member companies. 

When the War Industries Board was created by the United States 
Government, it recognized that the Textile Alliance was functioning satis- 
factorily and permitted it to continue. 

In 1919, the Reparations Commission took over the entire available 
supply of German dyes and announced that the Allied and Associated 
Powers would be permitted to buy them, up to specified allotments, at 
prices which were fixed in marks. The allotment for the United States was 
1500 tons. 

Some 300 tons of these dyes were purchased by individuals in the 
United States, the Textile Alliance being used as agent. Then the Repara- 
tions Commission set a time limit, stating that any portion of the allotment 
not taken up by a certain date (April 15,1920) would be returned to the 
original pool and reallocated. To save these 1200 tons of dyes for the 
textile industry of the United States, the State Department arranged with 


* Publication approved by the Director of the Bureau of Standards of the U. S. 
Department of Commerce. 
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the Textile Alliance for the latter to buy these dyes for resale in this 
country. 

The members of the Textile Alliance who underwrote this purchase were 
liable for any losses but were legally estopped from making any profits. 
They therefore suggested that if any profits should accrue from the transac- 
tion, the funds be set aside for ‘‘educational and scientific purposes.’’ 
The arrangement between the Textile Alliance and the State Department 
was therefore built on the basis that one-fourth of the profits (if any) 
would be expendible directly by the Alliance for educational and scientific 
purposes. The other three-fourths would be paid into the United States 
Treasury, the State Department agreeing to recommend to Congress that it 
be appropriated for the same purposes. 

During the transaction, the continuing fall of the mark made it possible 
for the Alliance to buy the dyes at extremely low prices. To prevent the 
complete demoralization of our own infant dye industry, it was in the public 
interest to sell the German dyes at reasonably high prices. For these rea- 
sons, when the transactions were completed, the Alliance found itself to be 
holding a net profit of about $1,900,000, which was subject to the above 
agreement. 

Negotiations for the disposal of these profits occupied more than ten 
years. At first the Treasury Department was inclined to consider them as 
ordinary profits and therefore subject to tax. It took some years to argue 
the Treasury out of this position. Then it was necessary for the Depart- 
ment of Justice to institute a friendly suit, in order that an official account- 
ing might be had to ascertain the exact amounts involved. Finally, the 
Alliance took the position that if the funds were paid into the Treasury 
without any prior action by Congress, it was highly probable that the 
original intent of using them for educational and scientific purposes would 
be lost sight of. Furthermore, there was no one in the Treasury or else- 
where in the Government who was legally authorized to give the Alliance a 
receipt for the funds. 

The matter was finally adjusted by the passage of the “Merritt Bill.’’* 
This is the federal incorporation act for the Textile Alliance Foundation. 
It provides that the corporation shall have five directors: the Secretaries 
of Commerce and Agriculture, and three members of the textile industry 
appointed by the President of the United States. The corporation was 
given the authority to receive funds from the Textile Alliance, and to 
expend them for “‘scientific and economic research for the benefit and 
development of the textile industry and its allied branches.” 

This permitted the Textile Alliance to liquidate its affairs. The one- 
fourth of the profits (between four and five hundred thousand dollars) over 
which it was given complete jurisdiction under the arrangement with the 

* Introduced by the Honorable Schuyler Merritt of Connecticut. 
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State Department, was distributed to the Philadelphia Textile School, 
Massachusetts Institute of Technology, and Princeton, for research work in 
textiles. The other three-fourths (about $1,400,000) were paid over to 
the Textile Foundation. 

This latter body was organized ir the spring of 1930, when President 
Hoover appointed as directors, in addition to Secretaries Lamont and Hyde, 
Mr. Franklin W. Hobbs, president of the Arlington Mills, Lawrence, 
Massachusetts; Mr. Stuart W. Cramer, president of the Cramerton Mills, 
Cramerton, North Carolina; and Mr. Henry B. Thompson, president of 
the United States Finishing Company, New York City. This board 
elected Mr. Hobbs chairman and Mr. Cramer treasurer, and appointed 
Mr. Edward T. Pickard its secretary and assistant treasurer. The office 
of the Foundation is in the Commerce Building, Washington, D. C. 

A few small grants from its income were made to start obviously 
worthy projects. As a result, a Bibliography and Directory of Textile 
Design is now available, and a Report on the Commercial Problems of the 
Woolen and Worsted Industries, by Paul T. Cherington, has been com- 
pleted. Similar reports on the commercial problems of the cotton, and of 
the silk and rayon industries are now in course of preparation. The 
foundation then decided that its greatest need was complete information 
as to all textile research work under way. A grant was therefore made 
to the United States Institute for Textile Research to survey the situation. 
The results of this survey, comprising 117 mimeographed pages, show 
the textile research work recently completed as well as that now under 
way in 267 organizations as well as the personnel and facilities available 
for this work. 

After further consideration, the Foundation decided that the greatest 
immediate need of the textile industry was to enlist the interest of more 
trained scientists in the field. To accomplish this, fellowships were 
offered for post-graduate work, to run for one year, beginning with the 
fall term in 1932, with the option of continuing for one additional year. 
Candidates were examined on the basis of their college records and of their 
demonstrated interest in textile problems. Sixteen fellowships and four 
scholarships were granted, as follows: 


Wayne A. Sisson, Ph.D., University of Illinois, 1931, to work on the 
X-ray analysis of fibers at the University of Illinois. 

Joun S. Reese, IV, Ph.D., Johns Hopkins, 1931, to work on orienta- 
tion of the constituents of the benzene ring, at the University of Man- 
chester (England). 

G. GORDON OsBoRNE, M.S., North Carolina State College, to work on 
micro-analysis of fibers, at Massachusetts Institute of Technology. 

Donovan J. SALLEY, Ph.D., Princeton, 1932, to work on protective 
effects in textile deterioration and dye fastness, at Princeton. 
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ORRIN W. Pingo, B.S., Massachusetts Institute of Technology, 1929, 
to work on spectrophotometric analysis of dyed materials, at Massa- 
chusetts Institute of Technology. 

DoNALD R. Morey, Ph.D., Cornell, 1931, to work on application of 
polarized light to textile research, at Cornell. 

Joun B. CALKIN, M.S., University of Maine, 1928, to work on absorp- 
tion and adsorption of solutions by textile materials, at Cornell. 

RAYMOND L. STERNBERGER, Ph.D., Harvard, 1932, to work on elastic 
and plastic properties of textiles, at Harvard. 

WILBUR O. TEETERS, B.S., University of Iowa, 1930, to work on in- 
fluence of protein constituents on wool fibers, at the University of 
Illinois. 

BERNARD S. GouLp, B.S., Massachusetts Institute of Technology, 
1932, to work on mildewing of textiles, at St. Johns College, Cam- 
bridge, England. 

ALFRED H. Rocers, M.S., Lehigh, 1932, to work on the effect of 
bacteria and vegetable oils on silk, at Lehigh. 

BRYCE PRINDLE, B.S., Massachusetts Institute of Technology, 1931, 
to work on microbiology of textile fibers, at Massachusetts Institute of 
Technology. 

MAXWELLTON S. CAMPBELL, M.S., University of North Carolina, 
1932, to work on disposal and recovery of textile wastes, at the Uni- 
versity of North Carolina. 

HERBERT E. RitcHey, M.S., Purdue, 1931, to work on the chemistry 
of dyes, at the University of Illinois. 

LAWRENCE B. HAtey, B.S., Alabama Polytechnic Institute, 1932, to 
work on strength and wearing properties of textile fabrics, at Alabama 
Polytechnic Institute. 

ROLAND L. LEE, JR., M.S., University of North Carolina, 1930, to 
work on critical study of manufacturing processes, at Lowell Textile 
Institute. 

For the four scholarships, the subjects were not assigned. 

Joun C. BROADMEADOW, of the New Bedford Textile School is to 
continue his studies at North Carolina State College. Atva D. ZELL- 
NER, of Georgia School of Technology; FRED L. GREENWOOD, of Dick- 
inson College; and ALBERT G. FisHER, of Clemson Agricultural Col- 
lege, are each to continue in their present schools for another year. 


By means of these fellowships and scholarships, the Foundation hopes 
to enlist the interest of the younger scientists in textile problems and, 
incidentally, to get many of these problems solved. The net result must 
necessarily be to raise the plane of the entire textile industry. 

Much of the research work which has been done in textiles has been so 
distinctly of an applied nature that it has failed to attract the pure scientist. 
These fellowships will emphasize the fact that the textile industry has much 
to gain from pure scientific research and that the academic scientist can 
well afford to devote his career to the solution of the problems of one of the 
country's major industries. 












THE SIGNIFICANCE OF PYROLYSIS TEMPERATURES* 


James F. Norris 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY, CAMBRIDGE, MASSACHUSETTS 


Attempts have been made in the past to interpret the behavior of molecules of 
organic compounds when decomposed by pyrolysis, with the aid of the heats of 
formation of the several bonds involved in the decomposition. It appeared that 
the intensity factor of the energy employed must be of importance and experi- 
ments were carried out to determine the effect of temperature on the breaking of 
the bonds between atoms. Although the carbon-to-carbon linkages in paraffin 
hydrocarbons are assumed to have the same heat of formation, it was found that 
the temperatures at which the several bonds broke were different. By regulating 
these temperatures it was found possible to break the bonds successively and 
thus determine from the products of pyrolysis the order in which the bonds 
yielded to the influence of heat. The results emphasize the importance of the 
study of pyrolysis from this point of view in order to learn more of the effect of 
heat energy on atomic linkings and the effect of the configuration of molecules 
on these linkings. 


The behavior of molecules of organic compounds when subjected to 
the action of heat at such temperatures that decomposition takes place has 
been studied for many years. The interest which led to the many re- 
searches in the field of pyrolysis has been largely in the products formed, 
and, until recently, little attention has been paid to the mechanism of the 
changes and the energy factors involved. 

For a number of years investigations have been in progress in the Re- 
search Laboratory of Organic Chemistry of the Massachusetts Institute of 
Technology which had as their aim a study of the effect of the structure of 
molecules on the bonds between the atoms. A definite bond in a typical 
compound was first investigated; derivatives of this compound formed 
by the replacement of a hydrogen atom by certain atoms or groups were 
next prepared, and the analogous bond in these studied in the same way 
and under the same conditions as those employed in the case of the type 
compound. The methods used in studying the bonds were such that 
quantitative measurements could be made, and the results expressed as 
numbers could be compared with one another. Two methods have been 
used. In one, the bond investigated was broken by causing the com- 
pound to react with a second substance under such conditions that the 
rate at which the reaction took place could be accurately measured; in the 
second, the temperature was determined to which the compound had to be 


* Contribution from the Research Laboratory of Organic Chemistry, Massa- 
chusetts Institute of Technology, No. 83. This paper covers substantially the material 
presented in a lecture sponsored by the A. R. L. Dohme Foundation, delivered at The 
Johns Hopkins University, March 18, 1932. 
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heated in order to bring about the breaking of the bond at such a rate that 
decomposition was evident. 

It has been shown in the case of two types of compounds that there is a 
striking relationship between the relative rates at which the members of a 
series of analogous compounds react with a fixed reagent and the relative 
temperatures at which compounds containing the same bond undergo 


pyrolysis. I shall limit myself in this address to the consideration of 
temperatures of pyrolysis and the use of these temperatures in interpreting 
the behavior of the several bonds in certain types of molecules when these 
bonds are broken as the result of the action of heat energy. 

Thermochemical data give much information in regard to the quantity 
of heat energy involved in the formation of the bonds between atoms in 
organic compounds. Attempts have been made to interpret the behavior 
of molecules when subjected to pyrolysis by utilizing this quantity factor. 
It seemed probable that the intensity factor of the energy was of impor- 
tance as well as the quantity factor when a bond is broken by heat. When 
bonds are broken by electrical energy the intensity factor is of paramount 
importance. No decomposition takes place until the required voltage is 
applied. These considerations led to the study of the significance of tem- 
perature in pyrolysis. 

Experiments were undertaken to determine whether, in the case of a 
particular compound, a temperature could be found below which the 
compound did not decompose and at or above which decomposition took 
place. In seeking for such a temperature the compound, butane for ex- 
ample, was heated at a definite temperature and observations made to 
determine whether expansion took place continuously. This would occur 
if the molecule decomposed into two or more molecules as the result of 
pyrolysis. If there was no evidence of decomposition after heating for 
one hour the temperature was raised to a fixed point and new observations 
were made. Finally, temperatures were reached at which decomposition 
occurred at definite and measurable rates. By plotting the rates at differ- 
ent temperatures it was possible to find a point at which a measurable 
change occurred when the compound was heated for one hour and below 
which no such change occurred. Near this so-called ‘‘cracking tempera- 
ture” observations were made at intervals of about 5 degrees. 

It is possible that cracking might take place when a compound is held 
for a long time a few degrees below its cracking temperature so determined. 
The values obtained may not have any absolute significance. Many 
experiments have been undertaken to test this point. For example, a 
compound that decomposed at a measurable rate at a certain temperature 
showed no signs of decomposition when heated for 9 hours at 4 degrees 
below the cracking temperature or for 16 hours 9 degrees below this 
point. 
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Further experiments are now in progress to study the effect of the time of 
heating on cracking temperatures. In the work to be described the 
members of a series of compounds were heated in the same way in order to 
obtain comparable results. Experiments showed that the cracking tem- 
perature of a compound is influenced by contact substances. This phase 
of the subject is being studied on account of its theoretical and practical 
interest. 

In the investigation of the effect of the structure of similar molecules, 
e. g., the paraffin hydrocarbons, on cracking temperatures the compounds 
were studied under the same conditions. The results are, therefore, 
comparable; and as the differences between the cracking temperatures of 
different molecules are large compared with any possible error in these 
temperatures the conclusions are significant. For example, the cracking 
temperature determined for normal pentane was 391° and for normal 
hexane 343°, a difference of 48 degrees. In these hydrocarbons the 
bond broken was that between the second and third carbon atoms. 

The cracking temperatures bring out a difference in the behavior of the 
bonds severed by heat. No such difference is associated with the heat of 
formation of bonds as calculated from thermochemical data; all the carbon- 
to-carbon linkages in pentane and hexane are assumed to have the same 
heat of formation. Our present knowledge of the quantity factor of the 
energy involved does not serve to tell us which bond in a particular 
hydrocarbon yields first to the action of heat or to indicate that different 
hydrocarbons vary markedly in stability toward heat. The intensity 
factor of the energy, which is associated with temperature, gives us valu- 
able information and brings out differences that are significant. 

The compounds investigated were selected because preliminary work 
showed that when pyrolyzed they decomposed in each case in a simple way 
into two substances that could be readily identified. The pyrolysis could 
be associated with the rupture of a particular bond. 

Malonic acid and its substitution products are: decomposed by heat 
at relatively low temperatures into carbon dioxide and the corresponding 
aliphatic monobasic acid. A series of such derivatives was made! and the 
temperatures at which decomposition begins were determined in order to 
find out the effect of the change in the radical present in the acid on the 
temperature required to break the carbon-to-carbon bond: 


COOH treat 
RHC at RH.C-COOH + CO, 
coon. 


In the second series, ethers of the structure (CsH;)s;C—-O—R were 
studied, the radicals (R) being the same as those introduced into malonic 


1 NorRIs AND Younc«c, J. Am. Chem. Soc., 52, 5066 (1930). 
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acid.2. A typical decomposition in this series is represented by the following 
equation : 
Heat H 
(CeHs)sC—O—CH;CH; —> (CeH;)sCH + O=C-CHs 
In these two series the compounds were heated at the rate of approxi- 
mately one degree per minute and the temperature noted at which a 


measurable rate of decomposition occurred. 
The results of the experiments are shown in Table I. 


TABLE I 


Temp. (°C.) Difference Temp. (°C.) Difference 
0; t) 


in in 
Decomposition Decomp. Decomposition Decomp. 
Radical RHC(COOH): Temp. RO—C(CeHs)s Temp. 


Hydrogen 1 "y 


8 


Methyl oF 
110 42 


n-Propyl ™ 
239 


n-Butyl 108 
» 220 


Isopropyl 90 


30 


It can be seen from Table I that the radicals fall in the same order in 
the two series when measured by their effect on pyrolysis temperatures. 
The results indicate that these temperatures are significant, and that 
the intensity of the heat energy employed is an important factor in the 
pyrolysis. 

These encouraging results in this new method of studying atomic link- 
ages led to the investigation of the pyrolysis of simple aliphatic hydro- 
carbons. It seemed of particular interest to determine whether in these 
compounds the several bonds were broken successively by heat at different 
temperatures, and if this were the case to find out at what temperature 
each bond was severed. Such results would add much to our knowledge 
of the effect of radicals and their positions on the carbon-to-carbon and the 
carbon-to-hydrogen bonds. 

Certain saturated and unsaturated hydrocarbons were heated in a vessel 
of pyrex glass to which was attached a manometer to measure the changes 
in pressure which occurred when decomposition took place. The com- 
pounds were heated at a number of temperatures and the rates at which 
pyrolysis took place were measured at these temperatures. When the 


2 NoRRIS AND Youne, J. Am. Chem. Soc., 52, 753 (1930). 
3 NORRIS AND THOMPSON, ibid., 53, 3108 (1931). 
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rates were plotted against temperature, intersecting straight lines were 
obtained. A sample plot is reproduced in Figure 1. Experiments were 
next undertaken to determine whether the temperatures indicated by the 
crossing of the lines were significant or whether the results should be rep- 
resented by a smooth curve through the points, which would indicate a 
gradually increased rate of decomposition with increasing temperature. 
The results of the study of -pentane 
¥ will illustrate how this question was an- 
swered.* The hydrocarbon was passed 
slowly through a tube of pyrex glass held 
at a temperature between the cracking 
temperature (400°) and the temperature 
at which the rate of decomposition 
changed as indicated on the plot (423°), 
The products of pyrolysis were examined 
and found to consist only of compounds 
that would be formed as the result of 
breaking of a single carbon-to-carbon 
bond—the one between the second and 
third carbon atoms—namely, ethane and 
propylene in equivalent amounts and 
ethylene and propane, also in equivalent 
amounts. 

When the pyrolysis was carried out 
within the second temperature range in- 
dicated in the plot (423-451°) there 
were obtained the compounds produced 
in the first temperature range and in ad- 
dition the products which resulted from 
the breaking of the bond between the first 
and second carbon atoms, namely, meth- 
ane and butylene. No hydrogen was 
found in the products of pyrolysis until 
the temperature was above that of the 
upper limit of the second range (451°). 

These results showed that when n- 
pentane is decomposed by heat the bonds break one after the other as the 
temperature is increased. Similar results were obtained with the other 
hydrocarbons studied. The results of the experiments are given in Table II. 

An examination of the results leads to important conclusions in regard 
to the effect of the structure of the hydrocarbons on their relative stabilities 
toward heat. This property varies with the length of the chain and the 

* The detailed description of these experiments will be published later. 
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TABLE II 


Products of the Pyrolysis of Hydrocarbons 


First Temperature Range 
Cracking Second Average 


























Temp., Break, Temp. of 
Hydrocarbon °C. * Pyrolysis Products 
c—C—C—C 400 450 440 Cc + C—C=C 
c—c—C—C—C 391 426 419 (a) C—C + C—C=C (4)* 
(b) Cun? +: C—C-—C (3) 
c—c—C—C—C—C 343 391 362 (a) C—C + C—C—C=Ct (10)* 
(b) C=C + C—C—C—C (1) 
c—C—C 
é 428 464 457 Cc + C—C= 
c—C—C—C 
i 383 423 403 Cc + C—C—C=Ct 
c—C—C—C—C 
é 339 419 416 C—C—C + C—C=C 
cC—C—C=C—C 400 421 416 C +: (?)** 





- 








Cc 433 448 441 ¢ = ¢t)*" 
Second Temperature Range 
Second Third 
Break, Break, 
Cc. "Ge 
cC—C—C—C—C 426 450 446 c + C—C—C=Ct 
H H 






ct 











Cc 423 450 437 (a) C—C=C + C—C (2) 
(6) C—C—C + C=C (1) 
Third Temperature Range 
Third 
Break, °C. 
C—C—C—C—C 450- 499 Hy: 






C—C—C—C 
| 
Cc 450- 492 Hy 


* The numbers in parentheses indicate the relative extent to which the simul- 


taneously occurring reactions took place. 
t The product was a butene; the position of the double bond was not established. 


** Methane was the only product identified. 




























presence or absence of side chains and unsaturated linkages. For example, 
the replacement of a single bond in isopentane by a double bond, as the 
result of which trimethylethylene is formed, raises the cracking tempera- 
ture 50 degrees. 







1896 JOURNAL OF CHEMICAL EDUCATION  Novemser, 1932 


This new information about the particular compounds studied is of 
interest, but the results of the investigations have a broader significance in 
that they throw new light on the behavior of molecules when subjected 
to the action of heat energy. They bring out the important facts that 
different bonds break at different temperatures, that the structure of the 
molecule has a marked effect on these temperatures, that the rates at 
which bonds break after decomposition begins varies with the nature of 
the bond broken. The results also indicate that the composition of the 
mixture of products obtained when a compound undergoes pyrolysis is 
determined by the rates of the several independent reactions that take place 
and the relation between the temperature used and the cracking tempera- 
tures of the several bonds involved in these reactions. It seems improb- 
able that the use of heats of formation of the several bonds could serve 
as a means of interpreting pyrolytic decompositions. Even if such a 
method were justifiable we know nothing about the heats of formation of 
different carbon-to-carbon bonds in aliphatic hydrocarbons. The value ac- 
cepted for this bond is an average result calculated from heats of combus- 
tion which are not known with sufficient accuracy to show differences which 
must exist. 

-The results are helpful in evaluating the several theories that have been 
proposed to elucidate the mechanism of pyrolysis. The decompositions 
of the hydrocarbons just above their cracking temperatures appear to be 
unimolecular reactions. This view will be subjected to further study. 

The fact that the products formed in the primary decomposition were 
obtained in proportions that would result from the breaking of a bond 
and the disproportionation of the fragments speaks against the view that 
the decomposition proceeds according to a chain mechanism. 

The results also indicate that the primary decomposition of a molecule 
does not lead, first, to the formation of free radicals, but that the rearrange- 
ment which occurs when the molecule reaches the active state determines 
the products of pyrolysis. 

Much additional work must be done before a theory of pyrolysis is 
developed which rests upon a firm experimental foundation. The evident 
conclusion from the work which has been outlined briefly is that the tem- 
perature factor involved in pyrolysis, largely neglected in the past, is of the 


greatest significance. 
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ce j 
al In this article a review is given of various ideas regarding gravitation 
that from Aristotle to Einstein. The defective features of the earlier hypotheses 
' the are pointed out and Exnstein’s method of avoiding them is indicated. It is to 
s at be understood that the development of our ideas on this subject is not to be 
e of supposed to end with Einstein but that other hypotheses may be expected to cut 
the still more closely to the line in the future. 
S is ‘ 
lace In the history of scientific thought we may discern a certain trend which 
hice has never wavered since man began to speculate on the why of the wonders 
ob- round about him. At first he regarded all the phenomena of Nature as 
whe: having no connection with each other, and assigned a separate cause for 
as each. The wind, the rain, and the sun were each ascribed to the action 
| of of different deities, whereas we now recognize the solar heat as the ultimate 
wi cause of both wind and rain—one cause in place of three. 
ay This process of correlation of phenomena and reduction of ultimate 
ich causes has been many times repeated in the history of science, and has 
characterized scientific thinking from the earliest times. It is what 
ms: philosophers call monism, as its ultimate aim is the reduction of all phe- 
ns nomena to special cases of one broad and all-embracing law. 
be A long step toward this goal was taken by Newton when in his “‘Prin- 
cipia’”’ he showed that all cases of motion, whether terrestrial or celestial, 
re could be explained as consequences of one general law, that of universal 
id gravitation. 
at A still longer step, or series of steps, was taken during the nineteenth 
century. The physical science of the eighteenth century had been a 
le rather loose and disjointed affair, consisting mainly of uncorrelated facts 
Fe about half a dozen entities as then recognized—matter, heat, or caloric, 
3s light corpuscles, electricity, magnetism, and phlogiston. By the end of 
| the nineteenth century these had been correlated and consolidated along 
. with much newly discovered material into a closely woven pattern in- 
t volving but three fundamental concepts—matter, energy, and ether. 





Among the various phenomena studied by the physicist, gravitation, 
from Newton’s day to the twentieth century, had stood in a class by itself. 
For the rest, the unification of physical phenomena had gone on apace. 
Heat had lost its individual status, and had taken its place as but one of the 
many forms of that protean concept, energy. Relations had been found 

* Publication approved by the Director of the Bureau of Standards of the U. S. 
Department of Commerce. 

} An address given before the Physical Sciences Section of the Twelfth Ohio State 
Educational Conference, held in Columbus, April 7, 8, and 9, 1932; and printed in the 
Proceedings. 












1897 


















1898 JOURNAL OF CHEMICAL EDUCATION Novemper, 1932 


between magnetism and electricity, and between electricity and light. 
But with all this consolidation, gravitation had held itself aloof, steadily 
refusing to acknowledge any kinship to what were strongly suspected of 
being its relatives. Much experimental work had been done in the hope 
of linking up gravitation to something else, but the results had all been 
negative. True, there is a superficial resemblance between gravitation 
and the attraction of magnetic or electrified bodies, but with the law of 
inverse squares the resemblance ends, for magnetic attraction can be cut 
off by a suitable screen, and is greatly influenced by temperature, and in 
electrostatics we have also the effect of the intervening medium. Nothing 
of this kind obtains in gravitation. By the end of the nineteenth century 
it had been established that gravitation acts equally on all substances; 
that it does not depend on temperature; that it is not influenced by the 
state of matter, whether solid, liquid, or gaseous; that it is independent of 
chemical combination or physical solution; and that there is no known 
screen which will diminish its action. As for positive results, our knowl- 
edge of gravitation was just where Newton had left it two centuries before. 
Yet optimism prevailed, and hope was maintained that gravitation would 
yet be brought into line with other physical phenomena. 

But like Moses of old, the physicists of the nineteenth century might 
look ahead over the promised land, but might not enter. It was reserved 
for Einstein in the twentieth century to make the first positive step toward 
the correlation of gravitation with other phenomena of Nature. 

But with all these negative results, speculation as to the nature of 
gravitation had not been idle. The Smithsonian Annual Report for 1876 
contains a summary and criticism of some twenty-five or thirty hypotheses 
as to the nature of gravitation which had found their way into print since 
the time of Newton. Since 1876 there may be added four or five more of 
importance. Needless to say, none of these hypotheses is today of more 
than historical interest. ; 

The earliest of these speculations that can be ascribed to any definite 
authority is that of Aristotle. The philosopher was content to explain 
the falling of bodies by ascribing to them a property of “‘heaviness,”’ and 
because he observed that smoke and other vapors rose rather than fell he 
ascribed to them a corresponding property of “‘lightness,’’ thus dividing 
all bodies into two classes with a sharp line of distinction between them. 
The idea that the rising of smoke might be a differential action, like the 
rising of wood in water, apparently never occurred to him. 

So great was the influence of Aristotle upon human thought that this 
particular error lasted in the minds of some persons until the eighteenth 
century. It played an important part in the invention of the balloon by 
the Montgolfier brothers. These had observed, like Aristotle, the rising 
of smoke and the floating of clouds, and they reasoned that if they could 
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enclose sufficient smoke in a bag the “‘lightness’’ of the smoke would carry 
the bag upward with it. That they had no thought of the part that hot 
air might play in this experiment is shown by the fact that the fuel they 
used for their first fire balloon was chopped straw, a material rather in- 
conveniently bulky, but one which produced much smoke. After the 
success of their first experiments the true cause of the ascent of their balloon 
was pointed out by the physicist, Charles, who suggested the use of hydrogen 
in later trials. 

Another error was made by Aristotle when he stated that heavy bodies 
fell with speeds proportional to their weights. Though he might easily 
have checked this erroneous conclusion by experiment he does not appear 
to have done so, and so great was his authority that we have no record of 
any one presuming to question this statement until the appearance of 
Galileo, 2000 years later. 

But neither Aristotle nor Galileo nor any intermediate student of Nature 
seems to have advanced any hypothesis as to the cause of gravitation. 
Newton himself, as he says in his ‘Principia,’ purposely avoided this; 
but though he ‘‘framed no hypotheses” in his formal writings, his letters 
show that he speculated freely, as every scientific man should. There 
is extant a letter from Newton to Boyle in which he suggests that the 
mutual attraction of all bodies might be due to a change in the density of 
the ether at different levels above the earth’s surface. 

Among the many suggestions made since Newton there are a few that 
it may be of interest to consider. One of the most notable of these was 
that put forth by Le Sage of Geneva in 1750. 

Imagine two circular plates to be held parallel to each other in a hail 
storm. If the storm is so violent that the stones may be assumed to come 
from every direction it will be seen that the two plates will to a certain 
extent shield each other’s inner faces from the impact of the hail stones, 
and the closer the plates are to each other the greater will be this shielding. 
As a result, the two plates will be pushed together by a force which will 
increase as the distance between the plates is lessened. 

Le Sage imagined the universe to be filled with what he called ‘“‘ultra- 
mundane corpuscles” flying about in all directions with high speeds, 
like the molecules of a gas, and pushing together any pieces of matter that 
happened to be close enough to each other. The obvious objection to 
this theory is the heating effect of these impacts, and a source of continuous 
supply for the energy, but it is to be remembered that at the time this hy- 
pothesis was put forward the conservation of energy was as yet unrecognized. 

Another objection to this theory is that according to it a closed box should 
at least to a certain extent shield particles of matter within it from gravita- 
tive action. Gravitational screening, however; was as completely un- 
recognized in the eighteenth century as was the conservation of energy. 
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We find in Le Sage’s hypotheses a concept which has held its own in 
every later suggestion that has been made as to the cause of gravitation, 
namely that gravitation is a push rather than a pull. 

Le Sage’s hypothesis attracted wide attention, and its influence is to be 
seen in many of the hypotheses which followed. If we imagine the number 
of these ultramundane corpuscles increased until they pass from the state 
of a swarm of discrete particles to that of a stream in a fluid, we have the 
fundamental idea which was repeatedly set forth in one form or another 
during succeeding years, and which is frequently proposed today as any 
one of fair experience with scientific cranks can testify. The definite 
shaping of the concept of the luminiferous ether in the nineteenth century 
had much to do with the growth and spread of such ideas, but to all such 
suggestions the non-existence of gravitational screening is a fatal objection. 
It is conceivable that such streams might penetrate the structure of solids, 
but not without some reduction in velocity, else the body penetrated 
would not be subject to gravitation. And any reduction in the momentum 
of the stream must show itself in a corresponding reduction of gravitative 
force on the other side of the screen. 

A new turn was given this idea that gravitation was due in some way 
to ether motion when Kelvin suggested his famous hypothesis of vortex 
atoms in 1867. When this theory was proposed the question that came 
at once to the mind of every one was: “Will these atoms gravitate?” It 
was not apparent at first whether they would or would not, and a long and 
difficult mathematical analysis was required before this question could be 
answered. Maxwell expressed the hopes and doubts of the time in the 
article ‘“‘Atom’’ which he wrote for the ninth addition of the ‘‘Encyclo- 
pedia Britannica’ in the 1870's, in which he said: ‘It may seem hard 
to say of an infant theory that it is bound to explain gravitation.’’ Such, 
however, was the case. The searching mathematical examination to which 
the theory was subjected, largely at the hands of J. J. Thomson, failed to 
indicate any possibility of mutual attraction between these atoms, and 
Kelvin finally admitted that his hypothesis must be abandoned. 

But hope springs eternal in science as elsewhere, and in a few years a new 
and promising suggestion appeared. It was discovered experimentally 
that oscillating or pulsating bodies immersed in a fluid medium such as air 
or water would under certain circumstances attract each other, and under 
others repel. At once the question of gravitation of vibrating atoms sug- 
gested itself. This was given serious study by Karl Pearson in 1889, but he 
later abandoned this line of attack for another which seemed to him more 
promising. This was his theory of ‘‘ether squirts.”’ 

It had been observed that a source in a fluid medium, such as the end of a 
hose turned on under water, would under certain circumstances attract a 
similar source. Pearson followed up the hydrodynamics of this problem, 
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and found that not only would two such sources attract each other, but two 
sinks, where fluid disappeared, would also attract, while a source and a sink 
would mutually repel each other. 

Pearson suggested that an atom might be a source in the ether at which 
ether was continually generated, perhaps poured in from somewhere 
outside in the fourth dimension, or conversely it might be a sink at which 
ether disappeared. If the ether was incompressible, as was generally 
held, and space was full of it, it followed that matter, to exist at all, must 
be found in equal and opposite quantities of the two possible kinds. To 
account for the fact that but one kind is known to us, Pearson suggested 
that in the course of ages the two kinds had separated by their mutual 
repulsion, and that somewhere in the distant reaches of space there would 
be found a universe of the opposite type of matter, a counterpart of our 
own. Whether this would be of the source or sink variety it was of course 
impossible to say. In support of this hypothesis he cited the instance of a 
certain star (1830 Groombridge) which possessed the greatest proper motion 
of any star then known, a velocity so great that it could not have been 
produced by the attraction of all the known matter in the universe, acting 
at the distances involved. Pearson suggested that this velocity might have 
been produced by repulsion, the star having at one time been much nearer 
our system. 

Against this theory of gravitation there is to be considered the apparently 
omnipresent objection of gravitational screening, which would entirely 
vitiate the hydrodynamical reasoning upon which Pearson founded his 
hypothesis. It is to be said, however, that the full force of the evidence for 
the absence of gravitational screening was not recognized until the twen- 
tieth century. 

The next hypothesis of importance came from Osborne Reynolds. In 
its way it was as original as that of Pearson, for it involved a complete 
inversion of our ideas of the structure of the universe. 

Reynolds supposed the ether to have a fine-grained structure such as 
might result from some process akin to the piling of shot. He further 
supposed there to be cracks or irregularities in the piling. These empty 
spaces or cracks in the substratum of the universe Reynolds regarded as 
the atoms of matter. 

He was able to show that under pressure there would be a tendency 
for two such cracks to approach each other, thus satisfying the first re- 
quirement of an atomic model, as understood at that time. It can be 
seen, however, that if two cracks were separated by a large completely 
empty space, corresponding to a thick and very dense piece of matter, 
while there might be a tendency for both cracks to approach the empty 
space, the latter would effectually prevent any action of one crack on the 
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other across it. In other words, the everlasting objection of screening 
again interposes itself. 

Reynolds’ suggestion was the last notable attempt to explain gravita- 
tion prior to Einstein. Before considering Einstein’s work we may profit- 
ably review in some detail the character of the negative evidence which 
we have so frequently cited, especially that referring to gravitative screen- 
ing. 

Gravitation appears to act equally on all bodies. This was shown for 
light and heavy bodies first by Galileo, and the experiment has since been 
repeated many times with a much higher degree of precision. As to its 
action on different substances, Newton by pendulum experiments showed 
this to be the same to about one part in 1000. Bessel carried the precision 
of this work to about one part in 60,000 without finding any positive result. 
It is noteworthy that among the substances tested by him were meteoric 
iron and meteoric stone. 

The most precise experiments of this nature are those of Eétvés, who by 
an ingenious application of the torsion balance succeeded in pushing the 
precision to six parts in a billion (10°). The substances tested by him form 
a considerable list, including copper sulfate both in the solid state and in 
solution, thus furnishing evidence as to the effect of change of state. 
E6étvis also tested radioactive material. To the limit of precision which 
he was able to reach, his results were negative in all cases. 

The question of a possible effect of temperature on gravitation was 
investigated by P. E. Shaw. The investigator at first believed that he 
had obtained a small positive result, but afterward found that this was 
due to a certain error in experiment. His final conclusion was that gravita- 
tion is independent of temperature to one part in 10,000. 

Astronomical evidence on this point is furnished by certain short-period 
comets. As these bodies approach the sun they must rise considerably in 
temperature, and if this has any effect on gravitation, the orbit should be 
altered considerably. But since these comets return time after time with 
no displacement other than can be accounted for by the influence of the 
planets near which they pass, the temperature effect must be non-existent. 
Because of the great rise in temperature involved in such cases, many 
times that which can be applied in laboratory experiments of this character, 
the precision of the negative result must greatly exceed that obtained by 
Shaw. 

As to gravitational screening, the best evidence is also astronomical, 
though laboratory work on this point has been carried out. That which 
has attracted the greatest attention has been that of Majorana, published 
about twelve years ago. He reported a small positive result which, 
however, seemed to grow smaller at every repetition of his experiment. 
The practical difficulties of such work are so great that a result of the order 
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of magnitude reported by Majorana might easily be accounted for by ex- 
perimental error. 

Astronomical evidence on this point is not lacking, and because of the 
large scale of the experiment and the length of time available for comparison 
the precision of such evidence is high. For example, we may use the whole 
earth as a screen, and consider what should happen at every eclipse of the 
moon if there were any gravitational screening. If at such times the solar 
gravitation should be cut off from the moon by an amount as small as that 
reported by Majorana, the moon would retreat slightly from the earth 
and the sun, and the cumulative effect of the millions of eclipses that have 
happened since the moon separated from the earth would long ago have 
removed the moon to such a distance that we would never know that we had 
had such a satellite. 

If it be argued that the gravitational shadow of the earth may not reach 
as far as the light shadow, we may consider the evidence furnished by the 
tides. The gravitational pull of the moon produces a tide on the side of the 
earth opposite to the moon as well as on that facing it, and it has been 
shown by Russell that an absorption of a thousandth part of that an- 
nounced by Majorana would show itself as a perceptible irregularity in the 
tidal motion. 

In this case we have also the evidence of astronomical clocks. A few 
years ago the Lick Observatory claimed to have found a small difference in 
the rates of their clocks as between noon and midnight. The records 
of the U. S. Naval Observatory do not confirm this. Results over a period 
of fifteen years show that there can be no effect as great as one-tenth of 
that which was claimed by the Lick astronomers. The precision of the 
Naval Observatory results would limit gravitational absorption to about 
one-hundredth of the amount claimed by Majorana. It may therefore be 
concluded that there is no substance on or in the earth in quantity sufficient 
to exercise any perceptible gravitative screening. 

All these facts concerning gravitation were well known to Einstein, who 
pondered over them, set them in perspective, and by his genius was able to 
evolve from them a suggestion as to the nature of gravitation, which, 
while not perfect, is the first positive advance that has been made in the 
subject since the time of Newton. 

Every hypothesis as to the cause of things, no matter how flawless in 
logic and sound in mathematics, must stand the test of experiment before 
final acceptance. In the case of the Newtonian law of gravitation this test 
required many years and involved long-continued observations of the 
planets. For decade after decade the motions of these bodies were ob- 
served to follow with exquisite accuracy the paths prescribed for them. 
With the passage of time instruments became more perfect and with the 
lapse of years the cumulative accuracy of the measurements increased; 
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yet so closely had Newton cut to the line that over a century elapsed before 
any serious divergence of observation from theory became noticeable. 
Finally, in 1845 Leverrier called attention to the fact that the planet 
Mercury showed a slight irregularity in its motion, inconsistent with the 
law of inverse squares, and too large to be explained as an error of observa- 
tion. This discrepancy has been confirmed by later astronomers, and the 
seriousness with which it has been generally regarded is shown by the 
many attempts to explain it on the basis of Newton’s law. 

All such attempts were failures. It is true, the assumption of a belt of 
diffuse and very finely divided attracting matter surrounding the sun 
would account for this irregularity on the part of Mercury, but such 
matter, in quantity sufficient to produce this effect, would undoubtedly be 
visible. 

All such attempts having failed, the radical proposal was made to alter 
slightly the Newtonian law by changing the exponent 2 to 2.000,000, 161,2. 
This suggestion was made by Asaph Hall, the discoverer of the satellites of 
Mars, and for a time it received the favorable consideration of no less an 
authority than Newcomb, who abandoned it only after E. W. Brown 
showed that the motion of the moon would not allow of even this slight de- 
parture from the whole number 2. The anomalous behavior of Mercury 
thus remained an unexplained puzzle. 

Such was the state of affairs when Einstein appeared on the scene with 
his now famous law of gravitation. This law had little in the way of in- 
trinsic attractiveness to recommend it. As opposed to the simplicity of 
Newton’s law, that of Einstein is complicated in the extreme. Theories 
far less formidable have fallen of their own weight, but that of Einstein 
has gradually compelled recognition despite its repelling appearance, solely 
upon performance, by reason of its ability to furnish results; for it not 
only explained everything which the Newtonian law explained, and equally 
well, but it also, without forcing, explained the great puzzle of the irregu- 
larity of Mercury. Nay, more: it undertook the always precarious busi- 
ness of prediction, for it indicated the existence of a phenomenon hitherto 
unobserved—the deflection of a ray of light under the intense gravitational 
force of the sun. This prediction has now received the stamp of verifica- 
tion in the results of several solar eclipse expeditions. Such a record of 
performance on the part of a new theory demands for it the serious atten- 
tion of all who profess and call themselves physicists. 

I have said that gravitation stood for a long time in a class by itself 
among physical phenomena. In so far as this is true, it was due to the 
short sight of the observers, for Einstein pointed out that there was another 
phengmenon of very much the same kind, namely inertia, in the form 
known as centrifugal force. Centrifugal force is independent of the 
material, is not a function of the temperature and cannot be cut off by any 
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form of screen. In fact, centrifugal force, like gravitation, seems to be a 
function of nothing but the mass involved and its space and time co- 
ordinates. 

Einstein illustrates this by means of a revolving disk. Imagine such a 
disk capable of carrying an observer, such as may be seen in amusement 
parks. Let the disk be covered by a dome which revolves with it, so that 
the observer within cannot tell by direct observation of other bodies 
whether or not the disk is in rotation. Suppose the disk is at first sta- 
tionary. The observer, in walking from one point to another of his little 
world, would perceive no difference as between one point and any other. 
But let the disk be set in rotation, and though the observer could not 
directly perceive the motion he would become aware of a certain difference. 
At every point of his space except the center he would experience a force 
repelling him radically outward, and the greater the distance from the 
center the greater the force of repulsion. He would, in fact, be in a sort of 
turned-inside-out gravitational field of force. 

With our superior knowledge we recognize this ‘‘force’”’ of repulsion to be 
purely inertial in its nature. As such, it does not originate at the center 
of the disk, but in the observer himself, and consequently no screen erected 
between him and the center can diminish the force he feels. Here we 
have an illustration of how the motion of a system may give rise to some- 
thing remotely simulating a gravitational field which disappears when the 
motion of the system stops. 

Another illustration that may help us in this connection is that of an 
elevator. Imagine an elevator, with closed walls, containing an observer. 
Suppose the elevator at first at rest. Let a bullet be fired through it hori- 
zontally. The path of the bullet, to the observer within, will appear as 
a straight line from wall to wall. If the elevator be moving upward with 
uniform velocity, the path will appear again as a straight line, but slanting 
downward. But if the upward motion of the elevator be accelerated, 
the path of the bullet will no longer appear straight, but as a curved trajec- 
tory, convex upward. 

The observer might account for this curved path by saying that the 
bullet moved according to the resultant of two forces: its original impulse, 
causing by itself a straight path from wall to wall, compounded with an- 
other force of attraction of some unknown nature, drawing the bullet down- 
ward toward the floor of the elevator. This is again assuming the existence 
of a force which does not really exist, and which in consequence may be 
expected to be rather difficult to explain. What has actually happened 
is that the observer has changed from fixed to moving codérdinates. 

Imperfect as are these attempts to represent the actual gravitational 
field of a body, they may nevertheless help us to understand what Einstein 
means when he says that a gravitational field is equivalent to an inertial 
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field produced by a suitable change of codrdinates; yet neither of these 
illustrations furnishes us with a change of codrdinates adequate to the 
representation of the actual three-dimensional field of a material particle, 
The task of finding such a coérdinate system, if indeed any should exist, 
might well appal the best equipped of mathematicians; yet, with sublime 
confidence in his intuition, it was to this task that Einstein set himself. 

And then a wonderful thing happened, for with but the slenderest of 
clues and guided principally by what we may fairly call the intuition of 
genius, he succeeded! He found a transformation of codrdinates which 
represents a little more accurately than Newton’s law the physical phe- 
nomena concerned in gravitation. 

Imagine a surface of still water of indefinite extent. On such a water 
surface a floating particle, if set in motion and freed from the action of all 
forces, accelerating or retarding, would travel in a straight line. If 
the surface was curved slightly, the particle would follow the shortest, 
“straightest”’ path it could find, obeying Newton’s first law of motion with 
the added condition of being confined to the curved surface. For a spheri- 
cal surface, this path would be an arc of a great circle; for a surface of any 
kind of curvature, the path would be a more or less twisted line, called 
in general a geodesic. 

Let us imagine a flat surface. By careful manipulation it is possible 
to lay upon this surface a small particle of a heavy body, such as lead or 
even gold, so that it will float. The only thing necessary is to avoid 
breaking through the surface. The particle then lies supported by the un- - 
broken water surface bent into a cusp or depression. The geodesic of this 
cusp will be a curved line, but if this geodesic be continued on either side of 
the cusp it soon straightens out. 

Suppose now a comparatively heavy particle thus floating and forming a 
rather deep and widely extended cusp. At some distance from it, where 
the surface is again flat, suppose a light particle, which makes hardly 
any cusp, is moving in such a direction as will carry it past the heavy 
particle at a short distance from it, but well within the latter’s cusp. The 
path of the moving particle, at first a straight line, will, as it enters the cusp, 
gradually assume the curved or geodesic form proper to the space in which 
it finds itself. Assuming no attraction to exist between the particles, 
the small particle will pass on and out of the cusp, its path again becoming 
straight; but on account of the brief twist to which it was subjected in 
passing through the cusp, the latter portion of the path will not in general be 
a continuation of the first. The particle will have suffered a deflection. 

An observer watching the motion of the particle through what we may 
call Newtonian spectacles, which do not show him the curvature of the 
cusp, will say: “Yes; on passing the large particle the smaller one seems 
to have suffered a force of some kind, and to have been deflected from its 
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straight path.” But let him replace these glasses by others of Einsteinian 
make, and he will say: ‘‘No; I see now that there was no force of attrac- 
tion at all. It was purely the inertia of the moving particle combined with 
the peculiar curvature of the surface which it had to traverse that pro- 
duced the change in its path.” 

So much for a two-dimensional surface curved in a third dimension. 
Einstein’s explanation of gravitation contemplates an analogous phe- 
nomenon in a space of four dimensions, curved slightly in a fifth. A ray 
of light coming from a star traverses for millions of miles a region of space 
remote from material bodies, and consequently “flat.” Through this 
region the path of the ray is a straight line. But if it eventually passes 
close by the sun, whose great mass causes a considerable cusp or warp in 
space, the path becomes twisted, and when it again becomes straight 
it has been permanently deflected from its original course. 

If the small particle passed very close to the large one it might not be 
able to get out of the cusp at all, but would circulate round and round, 
describing a curve whose shape would depend on that of the cusp and on 
the plane of motion of the small particle. If the cusp be shaped somewhat 
like that around the stem of an apple, the path of the small particle might 
be an ellipse that failed to close, and would resemble the actual orbit of 
Mercury. 

Concepts such as these are apt by their strangeness and transcendental 
character to cause us to lose the true perspective of the situation. The 
theory of relativity is but a working mathematical hypothesis, designed 
to cut a little more closely to the line than that of Newton. But it is still 
artificial in its nature, and is by no means to be regarded as the ultimate 
representation of the truth of Nature. 

Einstein himself regards this child of his brain quite sanely. Being a 
mathematician, he naturally recognizes an empirical equation fitted to a 
curve as something totally different from the real equation of the curve, and 
bound to diverge from it if carried out far enough. ‘‘No amount of ex- 
perimentation,’’ Einstein is reported to have said, “‘can ever prove me 
right. A single experiment may at any time prove me wrong.’ Not 
that any one has at present a better theory to suggest than that of Ein- 
stein; but such a thing may and doubtless will come to pass when the 
hour and the man arrive. Newton cut so closely to the line that over 
two centuries elapsed before an Einstein could better his formula; and how 
long it will be before the next corrective term is added to the empirical 
equation for the great curve of Nature is a matter at present on the knees 
of the gods. 





MY LIFE AND WORK* 


HEINRICH KILIANI, FREIBURG 1. B., GERMANY 


I, the son of Joseph Kiliani and his wife, Marie, née Dietz, was born on 
October 30, 1855, at Wiirzburg, Bavaria. After finishing the elementary 
school, I entered the humanistic gymnasium, and graduated in July, 1873. 
My father’s modest income as police commissioner made it necessary for 
me, even while in the gymnasium, to earn money so I tutored other stu- 
dents. Part of this money enabled me to make an extensive trip on foot, 
August, 1873, through and over the mountains of southern Bavaria and the 
Tyrol, as far as Meran and Bozen. ‘This trip definitely strengthened my 
purpose to study science, and | 
chose chemistry because it seemed 
to promise early self-support. Con- 
sequently, in October, 1873, I en- 
tered the Technische Hochschule in 
Munich. Professor E. Erlenmeyer, 
Sr., taught chemistry there. He 
was an excellent teacher, but was 
prone to use rather drastic educa- 
tional methods as I soon learned 
from personal experience. At the 
end of my first semester in the lab- 
oratory, I was standing at the sink, 
washing my apparatus, when I heard 
a noise behind me at my desk. 
Turning I saw Professor Erlenmeyer 
pulling out one drawer after another, 
registering more and more disgust. 
I went to him and asked, rather 
naively, as I know now, ‘‘Professor, 
what are you hunting? May I help 
you?” He glared at me and roared, ‘I am looking. for a mess,’ 
turned, and left the room. At first I was so nonplussed that I could 
not comprehend what it was all about. But when I opened the drawers, 
I was enlightened: blow-pipe charcoal, wire gauze, triangles, filter 
paper, all in hopeless confusion, half-dirty glassware covered with a 
filthy towel stained every color, etc. This incident converted me into a 
clean and orderly worker, and Erlenmeyer evidently was pleased with me, 
for within three years, January, 1877, he made me his assistant. When I 
conferred with him as to a research topic, he said, ‘‘I wish you would com- 
pete for the prize which is being offered for the best work on inulin.” At 
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that time pure inulin could not be 
bought in the market, but had to be 
prepared from plants (dahlia or in- 
ula) or made from the commercial 
material. Experiments on a small 
scale soon showed me that the simplest 
method of separating and purifying 
this compound was to prepare hot 
aqueous solutions from which the 
inulin could subsequently be frozen 
out. But the preparation of large 
quantities by this method led to a 
serious inconvenience. At that time 
there were no ice factories in Munich, 
and consequently ice was not available 
in the laboratory. Even the famous 
breweries of Munich had to secure 
their ice by cutting it in the winter and 
storing it. Fortunately there was a Eur, Eacununyer, Se. 

great deal of snow that winter and so, 1825-1909 

armed with a large pan, I often took ea Hochschule, 
the shortest route through a narrow A biography of him by Kiliani may 
cellar window, into the courtyard of 451°(1900)" the Z. angew. Chem., 22, 
the laboratory to gather the necessary 

cooling agent. A serious illness interrupted this work for several months 
so that it was not completed until the summer of 1879. My essay was 
then awarded the prize, and in February, 1880, the University of Munich 
granted me the Ph.D. degree for this same work. The examining com- 
mittee consisted of Baeyer (Chemistry), Jolly (Physics), and Kobell 
(Mineralogy). The latter had a reputation for his catch questions. His 
opening question was, ‘“‘Mr. Candidate, how does water crystallize?” 
Although I had conscientiously prepared myself, I could not remember 
ever having heard or read anything about this, but fortunately I suddenly 
recollected the six-sided snow crystals and my answer, ‘‘hexagonal,’’ was 
correct. At that time it was also obligatory for the doctorate candidate 
to set up a number of theses and defend them in the public examination. 
When I went to Baeyer for his approval of my proposed theses he said, 
“These are all well and good, but if we have to dispute with you on these 
for half an hour, it will be terribly boresome. Why don’t you choose some 
controversial topics such as the constitutional formulas of complex miner- 
als; that will irritate Kobell and we shall then have some entertainment.” 
I therefore selected the formulas of dolomite and phosphorite for discussion 
and the results were all that Baeyer could desire. After a few minutes, 
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Kobell stood up, and said, ‘It is quite evident that you can defend even 
the most hopeless case,’’ took his hat and departed. 

Meanwhile I had:also passed an examination qualifying me to teach 
science in the Bavarian secondary schools. In October, 1879, I left the 
Technische Hochschule and went to the Industrieschule (Munich) with 
the same rank of assistant but at an advanced salary because I also had to 
teach chemistry and physics in the Baugewerkschule. The laboratory at 
this school was well equipped so that it was possible for me to continue my 
scientific investigations (on saccharins, etc.). Most of this work had to be 
done in the evening, but its continuance was suddenly threatened by an 
edict of the Rector. “It is very strange that now, in summer, my residence 
uses more gas than the chemical laboratory, and so from now on, the gas 
will be turned off every day at 6 o’clock.” I at once inspected the arrange- 
ment of the gas pipes in the basement, and I found that the gas first went 
through a meter, part of it was then diverted to the house and the rest 
passed through a second meter, and thence to the chemical laboratory. 
I immediately suspected where the trouble lay, and called in the gas man 
and asked him to show me how he read and recorded the amount of gas 
used each month. At first he looked at me as though I were committing 
an offense against the sovereign, but eventually he told me what I wished to 
know. As I had suspected, he read the first meter only, and consequently 
the house was charged for all the gas, whereas the gas passing through the 
second meter should have been charged to the laboratory separately. 
Since this had been going on for some months the school had to pay the 
Rector a considerable refund. As a reward for my discovery, I asked that 
the two gas supplies be separated. This was done and I was then at 
liberty to continue my researches. 

At this school I learned from the ‘‘Diener’’ who was an excellent fellow, 
though somewhat peculiar, that there can be two points of view concerning 
scientific work. On one occasion I gave him a large manuscript addressed 
to the ‘Berichte’ and asked him to put it in the mail. When he learned 
that the postal charges were quite high, he said ingenuously, ‘‘Doctor, I 
certainly cannot understand you. You spend all of your time on this 
work and now you spend money on it besides.” 

However, this work brought me the desired reward. In the spring of 
1883 I became privatdozent at the Technische Hochschule (Munich) and 
was advanced to extraordinary professor in 1884 and to professor in 1892. 
This is a fitting place to review my scientific work up to 1890. From my 
doctor’s dissertation (1) the following results proved of permanent value: 
(1) the preparation and purification of inulin by the freezing-out process; 
(2) the proof that dextrose, CsH120¢, is easily attacked in aqueous solution 
and at room temperature by bromine, forming gluconic acid, CsH1.0;, 
while levulose is broken down by this halogen very gradually and only 
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after weeks of reaction, forming glycollic acid, C,;H,O;, from which facts 
it could be concluded that dextrose is an aldehyde and levulose a ketone 
(this bromine oxidation later became of general significance in studying all 
the aldehyde sugars); (3) the knowledge that the oxidation of sugars and 
their derivatives by nitric acid is best carried out by warming the mixture 
in flasks in the water-bath at a constant moderate temperature (60° 
at most) instead of the usual procedure of heating in dishes on the water- 
bath. 

In contrast to these useful findings it is of historical interest to note that my 
first publication in the Berichte (2) contained a rather serious error; the fact 
that the various kinds of gum arabic have very different compositions and 
therefore yield different sugars in varying quantities when hydrolyzed was 
then only gradually beginning to be recognized. On the other hand, my 
studies of Peligot’s saccharin, CsH1O;, isosaccharin, and the newly discovered 
metasaccharin proved of permanent value. Likewise, my investigations of 
the addition of hydrocyanic acid to the simple sugars levulose, dextrose, and 
galactose, became of great importance to the whole chemistry of the sugars, 
and all the more so, because in the last experimentally tested case, arabinose 
(3), it was found that this compound has the composition C;H100s, and not 
CsH2O¢, as had been believed formerly. By oxidation of arabinose car- 
boxylic acid I obtained metasaccharic acid in the form of its beautifully 
crystalline di-lactone, CsHsOs + 2H:20O, and this compound later acquired 
special interest, first because it (together with arabinose carboxylic acid) 
was used by Emil Fischer as one of the key points in his fundamental work 
on the sugars (4), and also because of its very remarkable solubility which 
is still being investigated by myself and others. The further study of this 
di-lactone showed me that it could be reduced by sodium amalgam to 
mannite and I here allowed an important discovery to slip through my 
hands, because I did not immediately see that this reduction pointed to the 
formation of a sugar as an intermediate product, and that I was dealing 
with a general reaction common to the most varied lactones. Emil Fischer 
recognized these facts and used them experimentally, to great advantage 
(5). 

The trend of my scientific work changed in the summer of 1888. Dr. 
Engelhorn of the Fabrik E. F. Boehringer u. Sdhne (Mannheim-Waldhof) 
came to my laboratory and said, “I have just had a conversation with von 
Baeyer, to whom I went in search of a pure scientist whom he could recom- 
mend as qualified to work on the digitalis problem. He told me that he 
thought that you could carry out this investigation. Our factory will 
furnish you the necessary raw materials in any desired quantity.” This 
commission greatly surprised and perplexed me. At that time I was teach- 
ing analytical chemistry, fuels and heating devices, as well as technical 
gas analysis, including laboratory; that is, subjects entirely unrelated to 
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medical chemistry. I had no idea of the great medicinal value of digitalis, 
and just as little comprehension of the standing of the Boehringer firm, 
Consequently I asked Dr. Engelhorn if I might be allowed time for con- 
sideration. I immediately went to Baeyer to get his reaction, and he urged 
me to accept the offer, both because of the importance of the topic and be- 
cause there was a possibility of considerable financial return. My mone- 
tary reward was vanishingly small, but the scientific aspect of the problem 
soon fascinated me, and resulted, in fe course of decades, in my long 
series of articles on digitalis. The especially important results of my 
studies are: the crystallizability of digitonin (from seeds) (6); the prepara- 
tion of digitalinum verum (7) on a factory scale; the inclusion of digitoxin 
(from leaves) among the glucosides (8), and the discovery of two specific 
digitalis sugars, digitalose, CsH1,Os, and digitoxose, CsH120,. 

A number of derivatives of the accompanying ‘“‘aglucones”’ (7. e., digi- 
togenin, digitaligenin, and digitoxigenin) were prepared, but their prepara- 
tion in the pure state was often extremely difficult, as was that of the origi- 
nal glucosides and so the later revisions of my original formulas for these 
compounds are not at all surprising. These corrections have been made 
in excellent fashion by my pupil, Professor A. Windaus, Gottingen, and his 
co-workers. 

In 1895, at the suggestion of the pharmacologist, Professor Rudolf Boehm 
(Leipzig), I began to study the sap of Antiaris toxicaria (upas tree). I 
found that antiarin has the formula C27HwOw + 4H2:O and may be split 
into antiarigenin, C2:H3O;, and antiarose, CsH1.O;, and that the sap con- 
tained antiarol which was found to be a previously known benzene deriva- 
tive, CoHi20,, 7. e., 1,2,3-trimethoxy-5-hydroxybenzene (9). 

Undoubtedly, it was these studies of digitalis and antiaris that were 
primarily responsible for my being called to the University of Freiburg i. B. 
in the spring of 1897, as successor to Professor Baumann and as director of 
the chemical laboratory of the Medical School. The reorganization of the 
management of the laboratory and the erection of a large new auditorium 
and additions to the laboratory made such demands on my time that I 
accomplished comparatively little research. When I was again at liberty, 
I had a serious accident, resulting from the explosion of a fire extinguisher. 
A rather curious chain of circumstances was involved in this. A fire broke 
out in the Anatomical Institute in the room in which the alcohol was 
stored and the ‘‘Diener’’ who wished to save as much as possible, was so 
badly burned that he died a few days later. My colleague, the anatomist, 
then asked if I could recommend a fire extinguisher. Several years before 
I had bought for my laboratory an ‘‘Excelsior’’ after witnessing a practical 
test of this apparatus. When I now attempted to.demonstrate the action 
of this device which had been kept charged for two years with sodium bi- 
carbonate and hydrochloric acid, it exploded violently and I fell back on a 
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cement pavement and suffered a fracture at the base of the skull. . My sub“ : 
sequent study of this type of extinguisher disclosed severat fundamental 
errors in its construction, as well as in the directions for charging it (10). 
I was bedfast for several months and suffered a permanent impairment of 
my hearing. 

As part of my duties I conducted a laboratory course for medical 
students, and this gave rise to a most amusing incident. My assistant 
noticed that one of the students was carefully noting the contents of each 
of the bottles in a large reagent rack. He repeated this at a second rack 
and was starting on a third when the assistant went to him and said, 
“What are you looking for? Can I help you?” ‘Doctor, the text pre- 
scribes the addition of ‘excess’ hydrochloric acid, and I can’t find it.”’ 

My scientific work from 1903-20 was predominately on the further inves- 
tigation of digitalis and antiaris. The details are of no consequence here.* 

In October, 1920, I reached the retiring age, 65, and because of my deaf- 
ness I gave up my position. On this occasion the medical faculty honored 
me with the degree ‘“‘Dr. Med. honoris causa.” I was permitted to keep a 
laboratory in the Chemical Institute where I still work. In the last eleven 
years I have devoted myself chiefly to the study of sugars and of the results 
that I have obtained I believe the most important is the observation that 
most oxidations of sugars and their derivatives by nitric acid can be carried 
out at room temperature provided that, in the individual cases, the proper 
concentration of nitric acid is chosen and suitable cooling is provided for. 
The most important point, however, is to use that most vital reagent, 
“patience” (11). 

“Gutta saepe cadendo cavat lapidem” (constant dripping wears away 
a stone), I wrote as a motto at the head of my prize essay on inulin and this 
precept I have found to be invaluable in many of my later investigations 
(especially on digitalis) and in these nitric acid oxidations, which in some 
cases require hours and hours before they seem to get under way. I 
expressed this as follows in a lecture before the Chemical Society of Frei- 
burg. ‘‘Nitric acid apparently nuzzles around the organic molecules 
until it secures a response from several of them, gradually more of them 
take part in the dance, and finally the whole company dances to the melody 
piped by the nitric acid; but the result is not the wild orgy, which formerly 
ensued, but a very stately minuet which it is a real pleasure to witness.”’ 
I am firmly convinced that this mode of oxidation will serve admirably 
in many other cases, and with compounds which do not belong to the sugar 
group, provided that it is properly applied. 

* During this period I published: ‘“Kurzes Lehrbuch der analytischen Chemie,”’ 
von Miller u. Kiliani, 6th edition, 1909. This was translated 1906 into French by Defoin 
and Winniwarter, at the suggestion of de Koninck—‘‘Chemisches Practicum fiir 
Mediziner”’—which has passed through three editions. 
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As to my private life, little needs to be told. In 1883 I married Mag. 
dalena von Widmann; our only son died at the age of 26. My brother, 
Martin Kiliani (b. 1858), also studied chemistry and while in the employ 
of the General Electric Company of Berlin discovered a practical method of 
preparing aluminum and was therefore made technical director of the 
Aluminum Fabrik Neuhausen (am Rhein, Switzerland). He died in 
1895. 

Long-continued and intensive working in a chemical laboratory damages 
one’s health if occasional vacations are not taken. During my younger 
years I took these in the form of extended trips through the mountains of 
Bavaria, the Tyrol, and Switzerland, and later, up to 1914, I made numerous 
sea voyages: southward to Tripoli and Tunis, eastward to Smyrna and 
Constantinople, westward to Southampton and Gibraltar, northward to 
Spitzbergen. During a stay at Rapallo on the Italian Riviera, my deaf- 
ness led to a comical situation. While walking with my wife, a man ap- 
proached us, whom we had already recognized as English. It is customary 
with the English when in foreign countries to immediately ask every one 
from whom they wish information, ‘‘Do you speak English?’ Assuming 
that this was what he had said I replied, ‘‘A little.”’ My wife then told 
him what he wished to know and when he had left us, said, ‘“He asked you, 
‘Are you an Englishman?’ ”’ 

Since the Great War, most Germans do not have the means for long trips. 
I seek my recreation now in the nearby mountains of the Schwarzwald, 
which, though they lack the splendor of the Alps and the beauty of the sea, 
are nevertheless quite lovely and refresh the body and the spirit. 
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The halogens were discovered in the order: chlorine, iodine, bromine, and 
fluorine. Although Scheele prepared chlorine in 1774 by the action of man- 
ganese dioxide on hydrochloric acid, it was believed to be a compound until after 
1810, when Sir Humphry Davy gave convincing proof of its elementary nature. 
In 1811 Bernard Couritois isolated iodine from the mother liquor obtained by 
leaching the ashes of marine algae. Balard’s discovery of bromine fifteen years 
later was an especially important event in the history of science, for chemists 
were just beginning to realize that there are family groups among the elements, 
and Débereiner soon observed that chlorine, bromine, and iodine form a closely 
related triad. The long, dangerous search for fluorine, which brought suffer- 
ing and death to several promising chemists, culminated successfully in 1886 
through the brilliant efforts of Moissan. 

















La recherche d'un corps simple est toujours tres capti- 
vante (1), (17). 

La science ne parait pus seulement avoir pour mission 
de satisfaire chez Vhomme ce besoin de tout connaitre, de 
tout apprendre, qui caractérise la plus noble de nos facultés ; 
elle en a aussi une autre, moins brillante sans doute, mats 
peut-étre plus morale, je dirai presque plus sainte, qui 
consiste a& codrdonner les forces de la nature pour aug- 
menter la production et rapprocher les hommes de I égalité 
par l’universalité du bien-étre (2). 















The bringing to light of the four halogens—chlorine, iodine, bromine, and 
fluorine—required a little more than a century. Although the first definite 
indication of the existence of chlorine was noted by Scheele in 1774, the 
isolation of fluorine by Moissan was not accomplished until 1886. 








Chlorine 










In his famous research on pyrolusite, Scheele allowed hydrochloric acid, 
or spiritus salis as he called it, to stand in contact with finely ground pyro- 
lusite (crude manganese dioxide), and noticed that the acid acquired 
thereby a suffocating odor like that of warm aqua regia, and “most op- 
pressive to the lungs.’’ He thought that the manganese dioxide had taken 
the combustible principle, phlogiston, from the hydrochloric acid, and there- 
fore called the gas ‘‘dephlogisticated marine acid,’ or “‘dephlogisticated 
muriatic acid.’’ He noticed that it dissolved slightly in water, imparting 
to it an acid taste, that it bleached colored flowers and green leaves, and 
that it attacked all metals (3). 


* Illustrations collected by F. B. Dains of The University of Kansas. 
* 1915 
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Lavoisier thought that all acids contain oxygen. Dr. William Henry, 
who obtained hydrogen by passing an electric discharge through gaseous 





WILLIAM Henry, 1775-1836 


British chemist and manufac- 
turer, and author of books on 
chemistry. He discovered that, 
when a gas is absorbed in a 
liquid, the weight dissolved is 
proportional to the pressure of 
the gas (Henry’s law). He 
thought that water was an 
essential constituent of hydro- 
chloric acid. 


It is therefore to the 
vital air [oxygen] of the 
manganese [pyrolusite], 
which combines with the 
marine acid, that the for- 
mation of the dephlogis- 
ticated marine acid is 
due. I ought to state 
that this theory was pre- 
sented and announced 
some time ago by M. 
Lavoisier, and that M. 
de Fourcroy made use of 
it in his ‘Elements of 
Chemistry and Natural 
History” to explain the 
properties of dephlogis- 
ticated marine acid such 
as they were then 
known. 


“marine acid,”’ concluded that it came from 
the water, and that water must be an es- 
sential constituent of hydrochloric acid (37), 
(38). Berthollet, who was a disciple of 
Lavoisier and not a phlogistonist, noticed 
that calcined pyrolusite, which had lost 
some of the oxygen from its manganese 
dioxide, yielded less of the suffocating gas, 
“dephlogisticated marine acid,’ than could 
be obtained from an equal weight of fresh 
pyrolusite. He concluded that: 
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Berthollet thought that the gas now known as chlorine was a loose 


compound of hydrochloric acid and 
that: 

[Dephlogisticated marine acid ] 
is manifestly formed by the com- 
bination of vital air with marine 
acid, but in it the vital air is de- 
prived of a part of the principle 
of elasticity, and adheres so 
feebly to the marine acid that 
the action of light suffices to dis- 
engage it promptly, light having 
more affinity for its base than 
marine acid has (4). 


In the year 1807 Sir Humphry 
Davy obtained hydrogen by the ac- 
tion of potassium on ‘‘muriatic acid,” 
and concluded that it must have come 
from the water in the acid, and that 
the oxygen in the water must have 
converted the potassium to potassium 





Str Humpnry Davy 
1778-1829 


British chemist who isolated the 
alkali and alkaline earth metals and 
boron, and proved that chlorine is an 
element. Gay-Lussac and Thenard 
isolated boron independently at about 
the same time. 


oxygen, or, to use his own words, 





Count CLaupE Louris BERTHOLLET, 
1748-1822 

French chemist and physician. Pro- 
fessor at the Ecole Normale. He col- 
laborated with Lavoisier in his researches 
and in reforming chemical nomencla- 
ture. Berthollet’s ‘‘Essai de statique 
chimique” emphasized the importance of 
the relative masses of the reacting sub- 
stances in chemical reactions. 


oxide (5). Gay-Lussac and The- 
nard, however, did not accept this 
explanation. They argued that the 
hydrogen came neither from the acid 
nor from the water, but from the 
potassium, which was thereupon 
changed back into caustic potash, 
which then reacted with the acid. 
They tested the “oxidized marine 
acid” (chlorine) with glowing char- 
coal, but, since they could detect no 
oxygen, they concluded that oxygen 
was formed only in the presence of 
water. All their attempts to decom- 
pose the chlorine by heating it with 
dry charcoal proved fruitless (6). 
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Gay-Lussac and Thenard believed (1) that muriatic gas contains one- 
fourth of its weight of water, (2) that oxymuriatic gas is a compound of 
oxygen and some other substance, and (3) that the substance obtained by 
heating calomel with phosphorus is a triple compound consisting of dry 
muriatic acid, oxygen, and phosphorus. Davy’s final views on these three 
points were as follows: (1) muriatic acid is composed of oxymuriatic acid 
(chlorine) and hydrogen, (2) chlorine is an element, and (3) the substance 
obtained by heating calomel with phosphorus is a compound of the ele- 
ments chlorine and phosphorus (7). 

Since Berthollet, Gay-Lussac, Thenard, Fourcroy, and Chaptal all be- 
longed to the French school founded 
by the illustrious Lavoisier, it was dif- 
ficult for them to admit the existence 
of an acid that contained no oxygen, 
but nevertheless they soon had to 
yield to the convincing evidence pre- 
sented by Sir Humphry (8), (41). 
Dr. John Murray in Edinburgh and 
Berzelius in Stockholm continued, 
however, for some time to regard 
chlorine as a compound. 

After iodine was discovered in 
1811, the evidence for the elemen- 
tary nature of chlorine became still 
more convincing, and by 1820 even 
Berzelius had yielded (9). When 
Anna, his cook, remarked one day 
that the flask she was washing 
smelled of “oxidized muriatic acid,” 
Berzelius replied, ‘Anna, you mustn't 
speak of oxidized muriatic acid any 

JOns Jacos BERZELIUS,* 1779-1848 more; from now on you must say 

He was one of the last chemical chlorine’ ( 10). 

pornos pe 6g of the cle- The discovery of bromine by Bal- 

ard and the preparation of prussic 
(hydrocyanic) acid, an oxygen-free acid, by Gay-Lussac made the evidence 
conclusive. Davy’s formal announcement of the elementary nature of 
chlorine was made in a memoir which he read before the Royal Society on 
November 15, 1810 (8). 

Sir Humphry Davy’s life was a short one, and his last years were marred 
by continued illness. In a letter written in Rome in February, 1829, he 


* Reproduced from H. G. Séderbaum’s ‘Jac. Berzelius Levnadsteckning” by kind 
permission of Dr. Séderbaum. 
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said, “If I die, I hope that I have 
done my duty and that my life has 
not been vain and useless’ (50). 
Three weeks later he was stricken 
with palsy, from which he never re- 
covered. Even the devotion and 
medical skill of his younger brother, 
Dr. John Davy, were in vain. When 
spring came Dr. Davy thought it 
best to take his brother from Rome 
to Geneva in order to avoid the hot 
Italian summer. The long journey 
by horse and carriage was most ex- 
hausting, and Sir Humphry died at 
Geneva on May 29, 1829. His desire 
that his life might be useful was so 
richly fulfilled that his name will 








always be honored as that of * ANNA SUNDSTROM,* BERZELIUS’ 
supremely great scientist and humani- HOUSEKEEPER 
tarian. She kept house for him for many 
years before he was married and 
Iodinet prepared the meals in the kitchen- 


laboratory, where his sand-bath on 
: : the stove was never allowed to cool. 
Iodine, one of the most beautiful Berzelius once said that he could not 


of all the elements, was first observed have thus entrusted the management 
in 1811 by Bernard Courtois, who was oS et re ae ease carat dis 
born on February 8, 1777, in a house 
just across the street from the famous old Dijon Academy. His father, 
Jean Baptiste Courtois, was a saltpeter manufacturer who used to assist 
Guyton de Morveau, the lawyer, in his brilliant lectures on chemistry. 
Thus the son lived constantly in a chemical environment, dividing his time 
between the paternal saltpeter works and the laboratories of the Academy. 
After Citizen Guyton was called to the Legislative Assembly in 1791, 

J. B. Courtois gave up his position at the Academy in order to devote all 
his time to the manufacture of niter. After assisting his father for a time, 
Bernard was apprenticed for three years to a pharmacist at Auxerre, 
M. Fremy, the grandfather of Edmond Fremy, the famous chemist. In 

* Reproduced from H. G. Séderbaum’s ‘“‘Jac. Berzelius Levnadsteckning” by kind 
Permission of Dr. Séderbaum. 

} The pictures of the Dijon Academy, the sealed tube containing the first iodine, 
and the Courtois autograph letter have been reproduced by courtesy of Dr. L. G. 
Toraude from his book, ‘Bernard Courtois et la Découverte de I’Iode.” The auto- 
graph letter belongs to the departmental archives of the Céte d’Or. The photograph 
of the sealed tube was taken at Dijon on Nov. 9, 1913, the day of the ceremony in 
honor of the one hundredth anniversary of the discovery of iodine. 





From Toraude’s “‘ Bernard Courtois et la Découverte del’Iode”’ 


THE O_p Dijon AcapEMy (B) AND THE BIRTHPLACE (E) OF BERNARD CouRTOIS 
(PRESENT CONDITION OF THE BUILDINGS) 


In the middle of the nineteenth century the latter building was enlarged and made 
higher. The street at C is the Rue Monge (formerly Rue du Pont Arnauld), When it 
was widened, the quarters in the Academy Building formerly occupied by Bernard’s 
father, Jean-Baptiste Courtois, assistant to Guyton de Morveau, were torn down. 


the meantime Guyton de Morveau had become the director of the Ecole 
Polytechnique, and through his intervention Bernard Courtois was ad- 
mitted to the laboratories of this school to study under Fourcroy. Here he 
entered into his research and courses in pure chemistry with pleasure and 
enthusiasm. In 1799, however, he was called to serve his country as a 
pharmacist in the military hospitals. In 1804, while serving as préparateur 
under Seguin, he made an important investigation of opium (51). 

Although J. B. Courtois failed in business, he was an honest man, and 
both father and son struggled hard to pay their creditors. In 1808 Bernard 
Courtois married Madeleine Eulalie Morand, a young girl of humble parent- 
age who could barely read and write. 

Along the coasts of Normandy and Brittany many plants live at shallow 
depth in the ocean, and some of them are cast ashore by the waves and 
tides. For plants such as these the French writers of the early nineteenth 
century used the term varech,* from which the English words wrack and 
wreck have been derived (13). By burning Fucus, Laminaria, and other 
brown algae gathered at low tide, and by extracting the ash with water, 


* The word varech is at present applied only to certain marine phanerogams used 
for packing and upholstering. 
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From Toraude’s 
“Bernard Courtois et la Découverte de l’Iode’’ 


AUTOGRAPH OF BERNARD Courto!s (1794) 


Translation: ‘I have received from D’orgeu township 50 casks of saltpeter solution 
which they have drawn from their property and which they have asked me to take 
because they have no one sufficiently trained to extract the saltpeter from it. Dijon 
the 11th of Messidor, the 2nd year of the Republic, one and indivisible. B. Courtois, 
son...”. He was seventeen years old when he wrote this receipt. 


Courtois obtained some mother liquors known as salin de varech, or soude 
de varech. 

The algae that Courtois used yield an ash containing chlorides, bromides, 
iodides, carbonates, and sulfates of sodium, potassium, magnesium, and 
calcium. In his day, however, they were valued merely for their sodium 
and potassium compounds, which were recovered by burning the dried 
algae in longitudinal ditches along the seashore and leaching the ashes at 
the works. 

As evaporation proceeded, sodium chloride began to precipitate, and 
later potassium chloride and potassium sulfate. The mother liquor then 
contained the iodides of sodium and potassium, part of the sodium chloride, 
sodium sulfate, sodium carbonate, cyanides, polysulfides, and some sulfites 
and hyposulfites resulting from the reduction of sulfates during calcination. 

To destroy these sulfur compounds Courtois added sulfuric acid, and on 
one eventful day in 1811 he must have added it in excess (54). To his 
astonishment lovely clouds of violet vapor arose, and an irritating odor 
like that of chlorine permeated the room. When the vapors condensed on 
cold objects, no liquid was formed, but there appeared instead a quantity 
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From Toraude’s ‘‘Bernard Courtois et la 
Découverte de l’Iode’’ 
SEALED TUBE CONTAINING IODINE 
ISOLATED By COURTOIS FROM THE 
MOTHER LIQUORS FROM THE PREPA- 
RATION OF SALTPETER 


This tube, belonging to the Solvay 
Company of Belgium, was presented 
at the iodine centenary (Nov. 9, 1913) 
through the courtesy of M. C. Crinon. 


of dark crystals with a luster sur- 
prisingly like that of a metal (45), 

Courtois noticed that the new sub- 
stance did not readily form com- 
pounds with oxygen or with carbon, 
that it was not decomposed at red 
heat, and that it combined with hy- 
drogen and with phosphorus. He 
observed that it combined directly 
with certain metals without efferves- 
cence and that it formed an explo- 
sive compound with ammonia. 
Although these striking properties 
made him suspect the presence of a 
new element, he was too lacking in 
self-confidence to attempt a thorough 
investigation in his poorly equipped 
laboratory and too poor to take the 
time from his business (11). He 
therefore asked two of his Dijon 
friends, Charles Bernard Desormes 
and Nicolas Clément, Desormes’ fu- 
ture son-in-law, to continue his re- 
searches in their laboratory at the 
Conservatoire des arts et des métiers, 
and allowed them to announce the 
discovery to the scientific world 
(45), (95). 

Courtois was engaged for some 
years in the manufacture of iodine 
compounds and other chemical re- 
agents, but in 1835 he was obliged to 
give up his business and go about the 
city taking orders. According to 
Fremy, he prepared very pure iodine, 
gave specimens of it to his chemical 
friends, and noted its action on or- 
ganic substances. Fremy also said: 


They have been unjust to Cour- 
tois in treating him as a simple salt- 
peter-maker; he was a very skilful chemist (un chimiste trés habile) ; 
he ought to have been rewarded for his discovery of iodine, and not 
left to die in poverty (12), (13). 
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Courtois died in Paris on Septem- 
ber 27, 1838. The Montyon prize 
of six thousand francs which the 
Royal Academy had awarded him in 
1831 “for having improved the art of 
healing’ had all been spent, and the 
widow, poor and uneducated, strug- 
gled against approaching deafness 
and blindness in a vain attempt to 
earn her living by lacemaking. It is 
indeed sad to know that her last 
months were spent in a charitable 
institution. 

In the auditorium of the Dijon 
Academy, harmoniously decorated in 
the style of Louis XIV, there oc- 
curred on November 9, 1913,* a sol- 
emn civic ceremony in honor of the 
one hundredth anniversary of the 
discovery of iodine. At that time a 
commemorative plaque was placed 










Jean ANTOINE CLAUDE CHAPTAL, 
COMTE DE CHANTELOUP, 1756-1832 
French physician, chemist, and manu- 
facturer of ‘saltpeter, soda, and beet 
sugar. Minister of the Interior under 
Napoleon. Author of books on chemical 
industry. 














and Desormes was not made until two years later. 
observed in 1913. 


on the birthplace of Courtois, and 
in the following year a street was named for him. 

While Desormes devoted most of his time to applied chemistry, Clément 
(1779-1841) carried out a classical research in which he prepared the new 
substance and made a thorough study of its properties. In his report 
in 1813 he wrote: 


The mother liquor from seaweed ash contains quite a large quan- 
tity of a very peculiar and curious substance; it is easily extracted; 
one merely pours sulfuric acid on the mother liquor and heats the mix- 
ture in a retort the mouth of which is connected to a delivery-tube 
leading to a bulb. The substance which is precipitated in the form 
of a black, shining powder immediately after the addition of sulfuric 
acid, rises, when heated, in vapor of a superb violet color. This vapor 
condenses in the delivery-tube and receiver in the form of very bril- 
liant crystalline plates having a luster equal to that of crystalline lead 
sulfide. Upon washing these plates with a little distilled water, one 
obtains the substance in the pure state (45), (13). 


Clément believed iodine to be an element similar to chlorine (12), and 


showed it, first to Chaptal and Ampére, and later to Sir Humphry Davy. 


* Although Courtois discovered iodine in 1811, the announcement by Clément 
Therefore the centenary was 
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The proof of its elementary nature 
was given independently by Davy in 
England and by Gay-Lussac in 
France. Davy showed that iodine 
vapor is not decomposed by a carbon 
filament heated red-hot by a voltaic 
current (12), (46). In his classical 
research, the results of which were 
published in 1814, Gay-Lussac pre- 
pared hydrogen iodide and showed 
that it reacts with mercury, zinc, 
and potassium to give the corre- 
sponding metallic iodides, hydrogen, 
and no other product (5), (39). 

In 1820 Dr. Coindet of Geneva 
introduced the use of iodine in the 
treatment of goiter (13), (56). Long 
before this, however, it had been 
unknowingly used for this purpose in 





CarL Loéwic* 


1803-1890 the form of ash from sponges. 
Professor of chemistry at Heidel- : 
berg, Zurich, and Breslau. He pre- Bromine 
pared bromine in 1825, but before his ne 
investigation was completed Balard In 1825 Carl Léwig, a new student 


had announced the discovery. Léwig who had just entered the chemical 
discovered bromine hydrate, bromal labored t Heidelb th 
hydrate, and bromoform, and was the aboratory a eideiberg, won tie 


founder hay egy sien ed immediate interest of Leopold Gmelin, 
ustry and of the oldschmieden : o> Toa 
alumina works at Deutsch-Lissa. his professor. Lowig had brought 


with him from his home at Kreuznach 
a red liquid which he had prepared by passing chlorine into the mother 
liquor from a salt spring and shaking it out with ether. The red liquid 
had remained after he had distilled off the ether. Professor Gmelin asked 
him to prepare more of it in order to study its properties, but in the mean- 
time there appeared in 1826 in the Annales de chimie et de physique a paper 
by Balard announcing the discovery of bromine (28), (36), (57). The 
properties which Balard ascribed to bromine were identical with those 
Léwig had observed for the substance from Kreuznach. This explains why 
Balard, instead of Léwig, is regarded as the discoverer of bromine. 
Carl Léwig was born at Kreuznach on March 17, 1803. In his youth he 
studied pharmacy, but his later study was confined entirely to chemistry. 


* The author is deeply grateful to Dr. Max Speter of Berlin and Dr. Julius Meyer 
of Breslau for their assistance in obtaining this portrait, the original of which hangs in 
the Chemical Institute at Breslau. Some valuable information about Léwig’s scien- 
tific activities was also graciously contributed by Professor Meyer. 
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ANTOINE J&ROME BALARD, 1802-1876 


he ; : : t : 

French chemist and pharmacist who discovered bromine. Professor of chemistry 
Ty. at the Sorbonne and at the Collége de France. He discovered hypochlorous acid, 
worked out the constitution of Javelle water, and perfected industrial methods for 


yer extracting various salts from sea water. 
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He continued his investigation of the compounds of bromine for several 
years, and in 1829 published a monograph on “Bromine and Its Chemical 
Relations.” 

In 1833 he was called to the newly founded University of Zurich, where, 
in spite of the very meager equipment, he analyzed many Swiss mineral 
waters and published monographs on them. His “Chemie der organischen 
Verbindungen,”’ based on the radical theory, ‘“‘was the Beilstein of that 
time, and was to be found in the hands of every chemist’’ (57). 

In 1853 Loéwig became Bunsen’s successor at Breslau. He was given 
offices of great responsibility, and served as Rector both at Zurich and at 
Breslau. He taught six semesters at Heidelberg, forty at Zurich, and 
seventy-two at Breslau, and hoped to teach two more in order to make the 
total one hundred and twenty. This hope was not to be realized, however, 
for, while walking in the zodlogical garden, he failed to notice some steps, 
fell, and received a fracture of the hip from which he never recovered. He 
died on March 27, 1890, ten days after his eighty-seventh birthday (57), 

Antoine Jéréme Balard (or Ballard) (14), was born at Montpellier on 
September 30, 1802. Since his parents were poor, he was adopted and 
educated by his godmother. He studied at the College of Montpellier for 
a time, and at the age of seventeen years he became a préparateur at the 
Ecole de Pharmacie, where he graduated in 1826 (47). 

In 1824, while studying the flora of a salt marsh, he noticed a deposit of 
sodium sulfate which had crystallized out in a pan containing mother liquor 
from common salt. In an attempt to find a use for these waste liquors he 
performed a number of experiments, and noticed that when certain reagents 
were added, the mother liquor became brown. His investigation of this 
phenomenon, made when he was only twenty-three years old, led to the 
remarkable discovery which Dulong described in the following letter to 
Berzelius written on July 1, 1826: 

...But here is another piece of recent news... It is a new 
simple body which will find its place between chlorine and iodine. 
The author of this discovery is M. Ballard of Montpellier. This 
new body, which he calls muride, is found in sea water. He has ex- 
tracted it from the mother liquor of Montpellier brines by saturating 
them with chlorine and distilling. He obtains a dark red liquid sub- 
stance boiling at 47°. The vapor resembles that of nitrous acid. Its 
specific gravity is 3. One preserves it under concentrated sulfuric 
acid. It combines with metals and gives compounds sensibly neutral, 
of which several are volatile, notably the muride of potassium. .. (15). 
Since the name muride did not find favor with the French Academy’s 

committee, consisting of Vauquelin, Thenard, and Gay-Lussac, the element 
is now known as bromine, meaning bad odor (12), (26). 

When Balard made this eventful discovery, he was merely an obscure 

young assistant in the chemistry department of his college. He had noticed 
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ONE OF THE LABORATORIES OF MINERALOGICAL CHEMISTRY AT THE SORBONNE 


Balard, the discoverer of bromine, Moissan, the discoverer of fluorine, Lamy who 
isolated thallium, and M.and Mme. Curie, the discoverers of radium, all taught at the 


Sorbonne. 


that when the lye from the ash of Fucus was treated with chlorine water 
and starch, two layers appeared in the solution. The lower layer was 
blue because of the action of the starch on the iodine, and the upper one 
was intensely yellow. 

The young assistant concluded that there were only two possible explana- 
tions: The yellow substance must either be a compound of chlorine with 
some constituent of the lye, or it must be a new element just liberated 
from one of its compounds by the chlorine, which had replaced it. Balard 
at first favored the first hypothesis and thought that he had an iodide of 
chlorine, but, when all attempts to decompose the new substance failed, he 
concluded that his second explanation must be the correct one and that the 
new element must be similar to iodine and chlorine (28). 

He afterward found that bromine can be shaken out of solution, first 
with ether and then with caustic potash. Upon heating the resulting potas- 
sium bromide with sulfuric acid and manganese dioxide, the bromine can 
be distilled off and condensed as a red liquid or collected in water (/2). 
Just as mercury is the only metal whose liquid phase is stable at room 
temperature, bromine is the only liquid non-metal. 

The French Academy’s report of the Procés-verbal of Monday, August 
14, 1826, signed by Vauquelin, Thenard, and Gay-Lussac, reads as follows: 


If the few experiments which we have been able to perform have not 
afforded us that certainty of the existence of bromine as a very simple 
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body which in the present day is properly required, we consider it 
at least very probable that it is so. The memoir of M. Balard is ex- 
tremely well drawn up, and the numerous results which he relates 
would not fail to excite great interest, even if it should be proved 
that bromine is not a simple body. The discovery of bromine is a 
very important acquisition to chemistry, and gives M. Balard honor- 
able rank in the career of the sciences. We are of the opinion that 
this young chemist is every way worthy of the encouragement of 
the Academy, and we have the honor to propose that his memoir 
shall be printed in the Receuil des Savants Etrangers (16), (29). 


In 1842 Balard succeeded Thenard at the Sorbonne, and in 1851 he ac. 
cepted a professorship at the Collége de France (36). He discovered hypo- 
chlorous acid, worked out the constitution of Javelle water (44), and per- 
fected industrial methods for the extraction of various salts from sea water, 
He worked for twenty years at these technical researches, and extracted 
sodium sulfate, the basis of the soda industry, directly from sea water. 
He also extracted potassium salts from the sea water, and his artificial 
potash, entering into competition with that from the ashes from plants, 
soon lowered the price. Before the discovery of the Stassfurt deposits in 
1858, all the bromine used by photographers was prepared by Balard’s 
method. 

The memory of his early poverty made Balard economical in his re- 
searches and ascetic in his manner of living. Although he survived his 
three children and his wife, his stepchildren were a great consolation to 
him in his old age. He died in 1876, honored because of his achievements 
and loved because of his generosity, modesty, and warmth of heart (47). 

The glory due to Balard for his discovery of bromine is enhanced when 
one knows that the great Liebig just missed it. Several years before, a 
German firm had asked Liebig to examine the contents of a certain bottle, 
and he had concluded, without thorough study, that the substance was 
iodine chloride. When he heard of the discovery of bromine, he immedi- 
ately recognized his error and placed the bottle in a special case which he 
called his “‘cupboard of mistakes” (11). Hence, when his dear friend 
Wohler a few years later just missed discovering vanadium,* Liebig knew 
how to sympathize with him. 

As soon as he had read Balard’s paper on bromine, Liebig examined the 
brine from Theodorshalle near Kreuznach and prepared nearly twenty 
grams of bromine. His experiments led him to conclude, as Balard had 
done, that it must be a simple substance (27). 


Fluorine 


The history of fluorine is a tragic record. Marggraf described hydro- 
fluoric acid in 1768, and Scheele studied it three years later. Lavoisier, it 


* See Part VII. 
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will be recalled, thought that all acids contain oxygen, but Davy showed 

that this one does not. Ampére suggested to Davy that hydrofluoric 

acid must be a compound of hydrogen and an unknown element (31), 

(32). Paul Schutzenberger expressed the belief that this unknown sub- 

stance, fluorine, would be found to be the most active of all the elements, 

and correctly predicted some of its properties (18), (19). It is this extreme 

activity of the element that made its liberation such a difficult and danger- 

ous task and brought agony and death to some of the pioneer investigators. 
Davy, Gay-Lussac, and Thenard all suffered intensely from the effects 

of inhaling small quantities of hy- 

drogen fluoride vapor. Davy found 

that his silver and platinum con- 

tainers were attacked, but believed 

that fluorine could be liberated if a 

fluorspar vessel were used (23), (30). 

Two members of the Royal Irish 

Academy, George Knox and _ his 

brother, the Reverend Thomas Knox, 

of Toomavara, Tipperary, made an 

ingenious apparatus of fluorspar. 

They were unable, however, to liber- 

ate the halogen, and both suffered 

the frightful torture of hydrofluoric 

acid poisoning (20). The Reverend 

Thomas Knox nearly lost his life, 

and George Knox had to rest in 


Naples for three years in order to 
regain his health (40). P. Louyet of 
Brussels, although fully aware of 
the Knox brothers’ misfortune, con- 
tinued his dangerous researches too 
long, and died a martyr to science 


ANDRE-MARIE AMPERE 
1775-1836 


French physicist, mathematician, and 
chemist. Professor at the Ecole Poly- 
technique, Paris. One of the founders 
of electrodynamics. Inventor of the 
astatic needle. The practical unit of 
current strength was named for him. 


(17), (18), (40), (42). Professor Jé- 
rome Nicklés of Nancy met a similar fate (35), (43), (60). 

Edmond Fremy, who had watched Louyet perform some of his experi- 
ments (33), tried to decompose anhydrous calcium fluoride electrolytically, 
and did obtain calcium at the cathode, while a gas, which must have been 
fluorine, escaped at the anode (34). However, because of its tendency to 
add on to other substances and form ternary and quaternary compounds, 
Fremy failed in all his attempts to collect and identify the gas. When he 
allowed chlorine to act on a fluoride, he obtained no fluorine, but only a 
fluochloride; when he used oxygen in place of chlorine, he obtained an 
oxyfluoride. 





1930 JOURNAL OF CHEMICAL EDUCATION 




















Philosophical Magazine, 1836 
APPARATUS USED BY THE KNOX BROTHERS IN THEIR 
ATTEMPTS TO LIBERATE FLUORINE 


Upon treating dry ‘‘fluoride of mercury’”’ with dry 
chlorine they obtained crystals of mercuric chloride. 
A piece of gold foil which had been acted on by the 
gas in the receiver was placed on glass and treated 
with sulfuric acid. Since the glass was attacked, they 
concluded that fluorine had been liberated and had 
formed gold fluoride. No hydrogen was detected. 

Fig. 1. Fluorspar vessel in the stand which holds 
down the receiver by means of spiral springs. 
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This seemingly hope- 
less field of experi- 
mentation was soon 
abandoned, but in 1869 
the English chemist, 
George Gore, liberated 
a little fluorine, which 
immediately combined 
explosively with hydro- 
gen (18), (35). When 
he tried to electrolyze 
anhydrous hydrofluoric 
acid ‘‘with anodes 
gas-carbon, carbon 
lignum-vitae, and 
many other kinds 
wood, of palladium, 
platinum, and _ gold,.. 
the gas-carbon  disin- 
tegrated rapidly, all the 
kinds of charcoal flew to 
pieces quickly, and the 


Fig. 2. Vessel with cover off, showing the orifice 
and the small depressions containing gold leaf. 
Fig. 3. Receiver. Fig. 4. Stopper. 


anodes of palladium, 
platinum, and gold were 
corroded without evolu- 
tion of gas’ (35). Moissan mentioned the “remarkable exactitude” of 
Gore’s memoir (23). 

The apparently impossible task was finally accomplished by Moissan in 
1886. Ferdinand Frédéric Henri Moissan was born at 5, Rue Montholon 
in Paris on September 28, 1852. When he was twelve years old, the family 
moved to the little town of Meau in the department of Seine-et-Marne, 
where he attended the municipal college. His first lessons in chemistry 
were received from his father, a railroad official (22), (58). 

Obliged to leave school at the age of eighteen years, he became an ap- 
prentice in the Bandry apothecary shop located at the intersection of Rue 
Pernelle and Rue Saint Denis in Paris. Here his ready knowledge of chem- 
istry enabled him to save the life of a man who had swallowed arsenic in an 
attempt at suicide (21), (22). In 1872 Moissan decided to give up his posi- 
tion at the pharmacy in order to study under Edmond Fremy at the Musée 
d’Histoire Naturelle. Here he not only made rapid progress in chemistry 
and pharmacy, but also became a connoisseur of art and literature, and 
even wrote a rhymed play which was almost accepted for the audiences at 
the Odéon. He was afterward able to laugh at this early disappointment 
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and to say, ‘‘I believe I did better to 
become a chemist’’* (22). In 1879 
he passed his examination for first- 
class pharmacist and accepted a posi- 
tion at the Ecole Supérieure de 
Pharmacie (21), (58). 

Three years later there occurred in 
Moissan’s life a most fortunate 
event— his marriage to Léonie Lugan. 
She proved to be a devoted wife and 
comrade, a hospitable, charming 
hostess, and a great help to him in 
his scientific work. M. Lugan was 
also an ideal father-in-law, in full 
sympathy with Moissan’s scientific 


Dr. GEORGE Gore,t 1826-1908 


English electrochemist. Head _ of 
the Institute of Scientific Research, 
Easy Row, Birmingham. He im- 
proved the art of electroplating and 
wrote treatises on ‘‘The Art of Electro- 
metallurgy’ and ‘‘The Electrolytic 
Separation and Refining of Metals.” 
His estate was bequeathed to the Royal 
Society of London and the Royal In- 
stitution of Great Britain. 


* “Te crois que j’ai mieux fait de faire 
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EDMOND FREMY 
1814-1894 


Professor of chemistry at the Ecole 
Polytechnique and director of the 
Muséum d’Histoire Naturelle. He 
prepared anhydrous hydrogen fluoride 
but was unable to liberate the fluorine. 
He was present, however, when his 
former pupil, Henri Moissan, ex- 
hibited the new gas before a committee 
from the Academy of Sciences. Fremy 
wrote a monograph on the synthesis 
of rubies. See J. CHEM. Epuc., 8, 
1017-9 (June, 1931) for illustrations 
of his artificial rubies. 


researches. He gladly provided ma- 
terial support for his daughter's 
family, and urged Moissan to devote 
all his time to science, unhampered 
by financial worries. Since the lat- 
ter had no laboratory at the School 
of Pharmacy, he did his first experi- 
mental work in a building situated 
on the Rue Lancry, but Debray 
afterward allowed him to use the 
more powerful battery in a temporary 
barracks on the Rue Michelet (22). 


de la chimie.”’ 


t This portrait was obtained through the courtesy of Mr. R. B. Pilcher, Registrar 


and Secretary of the Institute of Chemistry 


of Great Britain and Ireland. 





PROFESSOR MoIssAN PREPARING FLUORINE IN His LABORATORY AT THE ECOLE DE 
PHARMACIE IN Paris* 


Fremy had concluded from his experiments that fluorine had probably ~ 


been liberated in the electrolysis of the fluorides of calcium, potassium, and 
silver, but that, because the temperature had been too high, it had immedi- 
ately attacked the container. He prepared anhydrous hydrogen fluoride, 
but found himself caught in the horns of the following dilemma: when 
moist hydrogen fluoride was electrolyzed, he obtained only hydrogen, oxy- 
gen, and ozone; and dry hydrogen fluoride would not conduct the current 
(22). 

Moissan reasoned that if he were trying to liberate chlorine he would not 
choose a stable solid like sodium chloride, but a volatile compound like 
hydrochloric acid or phosphorus pentachloride. His preliminary experi- 
ments with silicon fluoride convinced him that this was a very stable com- 
pound, and that, if he should ever succeed in isolating fluorine, it would 
unite with silicon with incandescence, and that therefore he might use 
silicon in testing for the new halogen. After many unsuccessful attempts 
to electrolyze phosphorus trifluoride and arsenic trifluoride, and after four 
interruptions caused by serious poisoning, he finally obtained powdered 
arsenic at the cathode and some gas bubbles at the anode. However, 

* The picture of Moissan preparing fluorine has been reproduced from an article 
by Gaston TIssANDIER, La Nature, 18 [1], 177 (Feb. 22, 1890), by permission of Masson 
et Cie, Editeurs, Paris. 
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PIERRE-EUGENE-MARCELLIN BERTHELOT, 1827-1907 


French chemist and historian of chemistry. His researches were in the 
diverse fields of organic synthesis, chemical statics and dynamics, thermo- 
chemistry, explosives, nitrifying bacteria in the soil, and the oriental 
sources of alchemy. In his early days he assisted Balard at the Collége 
de France and many years later he served on a committee with Debray 
and Fremy to investigate Moissan’s discovery of fluorine. 
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THE SORBONNE AT PARIS. FURNACE ROOM 1N THE LABORATORIES OF MINERALOGICAL 
CHEMISTRY 


before these fluorine bubbles could reach the surface, they were absorbed 
by the arsenic trifluoride to form the pentafluoride (18), (23). 


Moissan finally used as electrolyte a solution of dry potassium acid fluo- 
ride in anhydrous hydrofluoric acid. His apparatus consisted of two plati- 
num-iridium electrodes sealed into a platinum U-tube closed with fluorspar 
screw caps covered with a layer of gum lac (42), (49). The U-tube was 
chilled with methyl chloride, the gas now used in many modern refriger- 
ators, to a temperature of —23°. 

Success finally came. On June 26, 1886, a gas appeared at the anode, 
and when he tested it with silicon, it immediately burst into flame. Two 
days later he made the following conservative announcement to the Acad- 
emy: 

One can indeed make various hypotheses on the nature of the 
liberated gas; the simplest would be that we are in the presence of 
fluorine, but it would be possible, of course, that it might be a per- 
fluoride of hydrogen or even a mixture of hydrofluoric acid and ozone 
sufficiently active to explain such vigorous action as this gas exerts on 
crystalline silicon (42). 


This announcement was read to the Academy by Debray, for Moissan 
was not then a member, and the president appointed a committee consist- 
ing of MM. Debray, Berthelot, and Fremy to investigate the discovery. 
In the presence of these distinguished guests, the apparatus acted like a 
spoiled child. Moissan could not obtain as much as a bubble of fluorine. 
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However, on the following day he 
used fresh materials and demon- 
strated his discovery to the entire 
satisfaction of the committee (22). 
Thus Fremy, who had come so near 
to making this discovery himself, 
was able to say with all sincerity, 
“A professor is always happy when 
he sees one of his students proceed 
farther and higher than himself” (60). 

The successful isolation of fluorine 
made Moissan’s name known 
throughout the scientific world, 
and in 1893 another achievement 
won for him more popular publicity 
than he desired. On February sixth 
of that year he succeeded in pre- 
paring small artificial diamonds by 
subjecting sugar charcoal to enor- 


mous pressure (52), (53), (63). 
Most of his diamonds were black 
like carbonado, but the largest one, 
0.7 of a millimeter long, was color- 
less. His colleagues affectionately 
named this little diamond ‘The 
Regent,” for to them it was as 
precious as the 137-carat specimen 


ALFRED E. Stock 

Director of the Chemical Institute 
of the Technische Hochschule of Karls- 
ruhe. Former student of Henri Moissan 
and author of an excellent biographical 
sketch of the latter. Visiting lecturer at 
Cornell University in 1932. He is an 
authority on the high-vacuum method 
for studying volatile substances, the 
chemistry of boron, the preparation and 
properties of beryllium, and chronic 
mercurial poisoning. 


in the Louvre (22). 
Moissan’s electric furnace was a valuable incentive to research. With 


its aid he prepared many uncommon metals such as uranium, tungsten, 
vanadium, chromium, manganese, titanium, molybdenum, columbium, 
tantalum, and thorium, much of this work being done at the Edison 
Works on Avenue Trudaine (24). As a practical result of her husband’s 
researches, Mme. Moissan was one of the first women in the world to use 
aluminum cooking utensils (22). 

Moissan always insisted on extreme neatness in his laboratory, and the 
wooden floors were waxed every Saturday. Alfred Stock (64) relates that 
one day Professor Moissan looked critically at the floor and said reproach- 
fully, ‘‘Who did that?”’ Upon careful examination, Dr. Stock noticed 
that a few drops of water from the tip of his wash-bottle had fallen to the 
polished floor (22). 

Moissan was one of the most polished scientific lecturers in Paris. His 
ease of delivery, his well-modulated voice, his carefully chosen experiments, 
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and his gentle humor attracted great crowds to his lectures at the Sorbonne. 
At exactly five o’clock the two large doors of the lecture-room used to be | 
opened simultaneously by two servants, and at a quarter past five the lec- 

ture began. Then for an hour and a quarter Moissan held the eager atten- 

tion of his audience. Sir William Ramsay said of him, 


His command of language was admirable; it was French at its best. 
The charm of his personality and his evident joy in exposition gave 
keen pleasure to his auditors. He will live long in the memories of all 
who were privileged to know him, as a man full of human kindness, 
of tact, and of true love for the 
subject which he adorned by his ( 
life and work (22), (48). 


Moissan had an artistic, hospi- ( 
table home in the quiet Rue Vau- 
quelin, and was proud of his Corot 
landscape and his fine collection of 
autographs. M. and Mme. Moissan 
and their son Louis usually spent 
their vacations traveling in Italy, 
Spain, Greece, the Alps, or the Pyre- 
nees, and in 1904 Moissan came to 
America to visit the St. Louis World’s 
Fair (22). 

His life was undoubtedly shortened 
by his continued work with the toxic 
= gases, fluorine and carbon monoxide. 

HENRI MoissaNn He died on February 20, 1907. His 
1852-1907 ; only child, Louis, an assistant at the 

Professor of chemistry at the Ecole Kcole de Pharmacie, who was killed 
coueror of the clement fluorine. “With 00 a battlefield of the World War, 
his electric furnace he prepared many —_Jeft 200,000 francs to the school for 
uncommon metals such as uranium, : 
tungsten, and vanadium. the establishment of two prizes: the 

Moissan chemistry prize in memory 
of his father and the Lugan pharmacy prize in honor of his mother 


(25), (65). 
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BOOK ABILITY 


Byron A. SOULE, UNIVERSITY OF MicHIGAN, ANN ARBOR, MICHIGAN 


An outline of the course in chemical literature at the University of Michigan. 


A well-known educator recently conducted a survey to ascertain the 
attributes our commercial world desires in a chemist. He found that 
industrial executives consistently emphasize book knowledge and book 
ability. They use the former term to indicate the requisite supply of facts, 
while the latter is interpreted to mean ability to find information in the 
literature or exhaust the relevant sources expeditiously. The reasons for 
this emphasis are deemed obvious. Furthermore, it will be admitted by 
any one familiar with educational institutions that acquisition of book 
knowledge is a primary activity, while training in book ability is unusual. 

The last point was recently substantiated, in part, by an examination of 
catalogs* from over one hundred schools. These bulletins showed that 
about twenty per cent. of our colleges list a course in bibliochresis. At 
some places instruction is offered each semester, at others once a year, ata 

»few “‘when there is sufficient demand.” In general the credit assigned is 

one or two hours. The various descriptions indicate that the work is 
confined to lectures with an occasional inclusion of “‘search problems.” 
In contrast to these definite entries some bulletins list a seminar, a few 
periods of which are given to the discussion of bibliographical methods. 
Possibly at other schools a little time is devoted to instruction in library 
work as a casual part of the more advanced courses, no statement being 
made in the description because of the incidental nature of this activity. 

There are several explanations for the situation. Various faculties 
may be unaware of the demand for book ability. Possibly some believe 
the student will acquire sufficient skill if the library doors are open a reason- 
able number of hours each day. Perhaps others feel that no definite 
instruction is necessary. They may think the work unimportant when 
compared with courses now crowding the average schedule. Whatever 
the reason, the fact is that little attention is given to training in this field. 

The results are apparent to all who seek them. Hours, energy, and 
money are wasted in the laboratory making discoveries that should require 
only minutes in the library. Cumbersome apparatus is used because the 
investigator has not learned to consult the various books dealing with 
““Arbeitsmethoden.”’ Unsatisfactory synthetic and analytic procedures 
are employed because he does not know how to search the literature down to 
date or cannot use an index efficiently. 

With the hope of assisting those who are attacking the problem and 
others who must ultimately face it, the course in bibliographical methods 

* They were recent issues obtained for another purpose, 7. e., not selected by the 
writer, but believed to constitute a representative sample. 
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as now given at the University of Michigan is outlined below. The ma- 
terial covered or the order of presentation are not deemed ideal. 


fact, changes are made every semester, hence the scheme presented should 


be considered only a progress report. 


It will have served its purpose if it 


brings but a step nearer the determination of minimum essentials for this 


skill. 


As initially planned and at present conducted, the work consists of a 
two-hour course including lectures, recitations, and problems for first- 


semester seniors. 


It is given both semesters, is required of all desiring the 


B.S. in chemistry degree, and is open to any one who has had the founda- 
tion courses in analytical, organic, and physical chemistry. Entrants must 


also possess a reading knowledge of German. 
desired but not stressed. 


Familiarity with French is 
In spite of these rather high requirements, 


the enrolment has increased rapidly during the past few years to include 
an unexpected number of graduate students in addition to the seniors. 


, The course has certain basic objectives. 
to become familiar with the standard reference books and to know how to 


First, each student is expected 


use them. Second, he must know the routine of consulting the literature 
down to date and be reasonably sure that his search will reveal the papers 
having an important bearing on the problem being investigated. Third, 
he is helped in the difficult task of critically evaluating the literature. 
This includes the ability to read an article intelligently and write a brief 


summary covering the essential points. 
the times is given due consideration. 

accomplish the desired results. 
The number of class hours spent on any one division varies some- 


tion. 


Finally, how to keep abreast of 
The following topics are used to 
The items are listed in order of presenta- 


what from semester to semester, depending upon the previous experience 
of the group. Normally about four periods are devoted to each of the 


parts 8, 9, 10, and 11. 


The others are covered in about two periods apiece, 


which include both the presentation and discussion. 


iF 


Arrangement of a Library 
(a) Systems of classification. 
(b) The card catalog and shelf list. 


The student quickly realizes the value of classification 
but some of the cataloging rules awaken for the first time 
an appreciation of the fact that a librarian can easily hide 
important data from an unwary chemist. The two do not 
speak the same technical language, usually neither is 
familiar with the field of the other. Why, therefore, 
should they think of the same subject heading for a par- 
ticular article or book? It is true that the cataloger, 
classifier, and indexer try to meet the chemist more than 
half way but he cannot expect to use the fruits of their 
labor to the best advantage without any knowledge of 
their guiding principles. 
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Biography, Especially Sources of Data 
About one hundred eminent chemists have been selected for 
identification, 7. e., nationality and field of specialization. Con- 
cerning Americans, the location of each is also stressed. A start 
on the critical evaluation, mentioned above, is made here and 
the work continued throughout the course. 
Periodical Literature (cf. 4 and 5) 
(a) Important journals in the various fields and countries. 
Their general make-up, quality, etc. 
(6) Borrowing journals. 
Union Lists, photostat service, etc. 
The ‘List of Periodicals” issued by Chemical Abstracts 
is used as a Union List, source of publication data, and a 
standard for title abbreviations. 
Abstract Journals 

Chemical Abstracts, Chemisches Zentralblatt, and the British 
combination are stressed. The primary objectives, however, 
are (a) appreciation of the fact that abstracts are excellent sign- 
posts pointing to the pertinent original literature, (b) the neces- 
sity for studying the alphabetizing of indexes, (c) a tilt with the 
problem of search headings. 

Annual Reviews 

‘Annual Reports”’ of the (London) Chemical Society, etc. 
Monographs and Monograph Series 

The A. C. S. monographs, Chemical Reviews, Ahrens’ ‘“Samm- 
lung,’’ Margosches’ ‘‘Die Chemische Analyse,’ etc. 

Dictionaries and Encyclopedias of Chemistry 

Fehling, Thorpe, Ullmann, etc. 

General and Physical Chemistry 

Only a brief consideration of the textbooks. Emphasis is 
placed on how to use such compilations as International Critical 
Tables, Landolt-Bérnstein, Tables Annuelle, etc. 

Inorganic Chemistry 

Abegg, Friend, Gmelin, Mellor, Stahler, Hoffman’s “Lexikon,” 
etc. 

Organic Chemistry 

Formula indexes, Beilstein (4th ed.), Meyer and Jacobson, 
Abderhalden, Houben-Weyl, Organic Syntheses, etc. 

Analytical Chemistry 

Riidisiile, Lunge, Allen, etc. 

Patents . 

The general subject; the literature about patents issued by 
the various patent offices and privately; patents as literature; 
how to find a patent, given (a) the number, (d) the subject, (c) the 
patentee. 

Bibliographies and Their Preparation 

Such aids as West and Berolzheimer, Fehling, Abegg, ‘‘Annual 
Reports” of the (London) Chemical Society, etc.; arrangement; 
mechanical details. 

(Continued on page 1945) 
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THE READER’S GUIDE AS AN AID TO INSTRUCTION IN 
CHEMISTRY 


A. J. HAMMER, CHARITON JUNIOR COLLEGE, CHARITON, IOWA 


The teacher of general chemistry often has difficulty in presenting the 
subject in such a manner that only a small percentage of the students 
will consider chemistry as another obstacle which must be removed before 
graduation. The instructor is usually concerned in keeping this percentage 
as low as possible but comparatively few are able to bring it down to 


zero. This is particularly true in classes containing students who take 
chemistry as a means of meeting the requirement in laboratory science 
necessary for graduation. Many of them find themselves in the chemistry 
classroom only because of conflicts which prevent them from taking courses 
which are more practical in their chosen field. 

The students in the average class in beginning chemistry may be divided 
into four classes. 

1. Those taking the subject with the expectation of continuing in that 
field as their life work, 7. e., chemists, chemical engineers, and chemical 


technologists. 

2. Those taking the subject as a prerequisite for some other course of 
a scientific nature, e. g., dentistry, medicine, engineering, pharmacy, and 
home economics. 

3. Those taking chemistry in order to meet the science requirements 
for graduation and to whom chemistry is more of a cultural or broadening 
subject than a practical subject, e. g., law, journalism, ministry, business 
administration, music, and secretarial students. 

4. Those taking the course for very little reason other than that 
their schedule was so arranged that they had to take it or that the class 
they wanted to enter was too crowded to admit them. 

Such classes are typical of the smaller high schools, junior colleges, 
and liberal arts colleges. The larger colleges, universities, and high 
schools are able to section these students according to their particular 
courses of study. In this way students in one course are not given the 
same work in chemistry as those in another. Such divisions are impracti- 
cal in the smaller schools but attempts have been made to separate the 
students according to ability or according to whether they expect to go on to 
college. 

The class made up of students with such varied interests offers a difficult 
problem to the instructor, especially when his own interests are somewhat 
one-sided. The North Central Association’s requirements for teachers 
of science is fifteen hours of credit in science and five hours of credit in the 
subject that they expect to teach. This means that a person with less 
than a year’s training in chemistry is qualified to teach it providing, of 
course, that he meets the other requirements in science, professional sub- 
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jects, and college graduation. Chemistry teachers with less than ten hours 
of credit in the subject are comparatively rare; however, a large percentage 
have not had training in the four major fields of chemistry and consequently 
do not emphasize these different fields in their course to the same degree. 
The chemistry instructor who is teaching in his major field has a great ad- 
vantage over the type mentioned above, but he may also have his short- 
comings. If he is a physical chemist he will probably consider the chapters 
on foods, vitamins, etc., as of minor importance and will stress the chapters 
on ionization, electrochemistry, equilibrium, atomic structure, and prob- 
lems in general quite heavily. The physiological chemist will probably con- 
sider the chapters on foods, etc., as of major importance and will place less 
emphasis on the industrial or geological side of chemistry, while the in- 
organic chemist will stress the mineralogical and metallurgical side. 

In this connection there is one criticism which is sometimes made of 
inexperienced teachers, especially those who have recently completed some 
research work and who are still quite enthusiastic about their results. 
There is sometimes a tendency for these teachers to present general chemis- 
try on the same level that their graduate work was presented to them with 
the result that they are using teaching methods four or five years in ad- 
vance of their classes. Research chemists frequently have a tendency to 
stress the particular phase of the subject in which their interest lies al- 
though it may have very little place in a course in beginning chemistry. 

Both the individual student’s interest and the instructor’s interest are 
important factors in the success of a class in general chemistry. One of 
these factors must be varied in order to meet the needs of the situation and 
it falls to the instructor’s lot to adjust himself or to give his students an 
opportunity to see where chemistry is related to, or will apply in, their 
fields of major interest. In order to determine the fields of interest of the 
students, a questionnaire may be filled out by each student at the begin- 
ning of the course, in which he is asked such questions as: Do you expect 
to go to college? If so, what course do you expect totake? If not, what 
do you expect to do as a means of earning a living? With this information 
on file it is a simple matter to pick out one or more articles for the student 
to read which will give him some information in the field of his major in- 
terest as well as show him the application of chemistry. 

In selecting these references, the author has made extensive use of the 
“‘Reader’s Guide’’ in order to select articles which were much less technical 
in nature than those usually found in the chemical magazines. These 
references have been filed under a number of headings such as Medicine, 
Dentistry, Pharmacy, and Home Economics, and a separate file has been 
made using as headings the different topics which are usually of general 
interest or which contain material of interest to the instructor in outlining 
his course of study. Each of the elements is filed under a separate heading 
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and such special topics as Transmutation, Artificial Diamonds, Vitamins, 
Enzymes, Cosmetics, Elements, Water, Sewage Disposal, Atmosphere, 
Fumigants, Cement, Insecticides, Alloys, Metallurgy, Metals, Glass, Radio- 
activity, Periodic Table, Paper, Meteorites, Explosives, Poisons, and 
Chemical Warfare are included. In addition to the references to the 
JouRNAL OF CHEMICAL EpucaTION the author has on file over six hundred 
references of a popular nature, the greater part of which have been taken 
from the ‘‘Reader’s Guide.” 

In addition to the value received in connection with the course in chemis- 
try the student gets considerable training in the use of the library as a 
source of information. It has been said that an education is not altogether 
to give the student a vast amount of information but that it should also 
teach him where to get the information as needed. 

Another advantage in the use of the “Reader’s Guide” is the large 
number of periodicals to which references have been made. Several 
magazines which are not considered as being scientific contain a number 
of excellent articles. Such magazines as Popular Science and the Scientific 
American are, of course, rich in material along any scientific line. 

While the school library will seldom have many of these periodicals on 
file, the public libraries of most cities have at least a few and these are often 
complete. The ‘‘Reader’s Guide” is also considered as necessary equip- 


ment in the average city library. 


Ox, 


(Continued from page 1942) 


14. Economic Chemistry 
Publications of various industrial organizations, e. g., Vancoram 
Review, Chemist-Analyst, Foote-Prints, the International Nickel 
Company’s pamphlets; trade journals, e. g., Iron Age (New 
York); business publications, e. g., Standard Statistics. 


In conclusion, a consideration of the above outline will show that the 
order of presentation is basically developmental. The first factor is the 
author, then his papers, next their abstracts followed by the grouping in 
annual surveys, and finally dictionaries, textbooks, etc. One or two 
topics, not fitting into this scheme, have been included because of the 
many requests from students. 











THE ORGANIZATION OF FRESHMAN CHEMISTRY CLASSES* 


Otto M. SmitH 
OKLAHOMA AGRICULTURAL AND MECHANICAL COLLEGE, STILLWATER, OKLAHOMA 


The acquisition of good study habits and the maintenance of interest and 
sustained endeavor are approached by the adjustment of the student's load 
to conform to his mental and time limitations, by competition with co-workers 
of like abilities and interest, by rewards for accomplishments and progressive 
attitude and by the presentation of selected material by teachers trained in the 
field of the student's major interest. 


With several hundred freshman students in a chemistry class, it becomes 
necessary to set up a definite organization built to accomplish predeter- 
mined objectives. In our work we have six outstanding aims in view. 
They are: 

1. The adjustment of the student’s load to conform to his aptitude, 
mental ability, and time limitations by determining his mental capacity on 
entering the classes and subsequently placing him in a group of like mental 
ability ; 

2. The assurance of a sustained interest by (a) the selection of material 
related to the knowledge of the student and in the field in which he is 
studying and (b) by the use of teachers interested and trained in agriculture, 
home economics, engineering, and chemistry; 

3. The establishment of personal contact between the teacher and 
the student by the use of a quizzing and laboratory period of four hours per 
week; 

+. Maintenance of uniformity among the various classes in subject 
matter, quizzes, and examinations by a centralized administration; 

5. The encouragement and stimulation of students, particularly the 
better ones, by association with the more inspiring teachers, by personal 
commendation, honor lists, exemptions, etc.; and 

6. The utilization of the student’s time to maximum advantage (a) by 
permitting the student to pursue sophomore work when proved capable and 
(b) by permitting those with high-school chemistry and others mentally 
able to do so to complete the course in one semester instead of the usual two 
semesters. 

Sectioning According to Interests and Ability 


From information supplied to the author by the heads of chemistry 
departments in most of the state universities and land-grant colleges, 
it is generally conceded that entering freshman students fortunately class 
themselves into groups of like interests and abilities when they elect agri- 


* This paper covers substantially the material presented before the Division of 
Chemical Education of the A. C. S., New Orleans, March 29, 1932. 
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culture, home economics, engineering, or arts and science; and that the 
engineering and the arts and science pupils show the greatest average 
ability and the home economics and agriculture students the least.'_ This 
average class difference remains through the year’s work and may be 
attributed to many factors: mental make-up of the individual, inferior 
high-school training, poor intellectual home atmosphere and privileges. 
Since these differences are so significant, they certainly should be taken into 
consideration in planning courses of study. 

For the past six years the Iowa Chemistry Training Examination has 
been given to those who have had chemistry in the high school and the Iowa 
Chemistry Aptitude Test to those who have had none. From the scores 
obtained on these tests, supplemented when possible with the intelligence, 
English, and mathematics scores, we have been able to judge with a rather 
high degree of accuracy the students’ relative ability. 

The beginning general-chemistry students report for two hours of lecture 
per week and one afternoon for four clock hours of laboratory and recitation 
in sections of 90 to 200. These large groups are divided into sections of 20 
to 30 according to the scores in the aptitude and other tests, or grades of the 
previous semester. Since there are three or more sections per afternoon, 
it is easy to shift advancing or retarding students to sections of higher or 
lower level. 

Approximately the same type of work is given to those who have had 
high-school chemistry as is given the beginners but it is covered in one-half 
the time and the order of presentation is markedly different. Of the whole 
high-school group usually one-third are unable to cover the course in one 
semester, these are transferred to the beginning classes. Of the remaining 
two-thirds, the best students are selected and given a comprehensive ex- 
amination and, if found proficient, are permitted to enter the sophomore 
classes. These usually are the more interested and excellently prepared 
individuals and become the leaders in their classes. 

A little foresight is necessary if such a scheme is to work to insure the 
placing of the section for high-school chemistry in the schedule in such a 
way that a student from any school may schedule this class without 
conflict; also, that the half days on which the laboratory quiz classes are 
offered are restricted to sufficiently few in number that there will be a 
group of 90 or more students with which to work. 


Sustaining Interest 


To insure interest being sustained these main divisions of (@) arts and 
science and engineers, (b) agriculture, and (c) home economics are taught by 


1 OsporNn, J. Cuem. Epuc., 6, 2189 (Dec., 1929); SmitH AND TRIMBLE, thid., 7, 
1676 (July, 1930). 
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chemists who have likewise specialized in chemistry or chemical engineering 
and agriculture, home economics or biochemistry, and different texts, 
selected for their particular fitness as to interest, method of presentation, 
difficulty, and emphasis, are employed. Furthermore, to insure fair grad- 
ing and avoid unjust discriminations the standards for grades A, B, C, etc., 
are determined for each group and are usually different, being higher for 
science and engineering students than for agriculture and home economics 
students. To grade all alike seems unjust to both the superior and the un- 
fortunate underprivileged individuals. Furthermore, to maintain interest 
and a desire on the part of the student for advancement all grades are 
reported in letters and not in scores. The college accepts the entering 
students, a department receives them as freshmen to be trained as chem- 
ists, science teachers, electrical engineers, housewives, and dairy men. 
Our réle is to impart as much chemistry as is possible within the time 
allotted, subject to the mental limitations and inclinations of the students, 
and leave to the department in which the student majors the decision of 
praising, passing, or condemning. We set ourselves up as the final author- 
ity only in so far as our own chemistry majors are concerned. 


Uniformity of Subject Matter 


To prevent sections of the poorer students getting behind and those of 
better ones ahead, it is absolutely essential that a time schedule be main- 
tained, if this method is to be successful. The progress is determined by 
the head teacher and the subject matter must be covered in recitation and 
laboratory on the time specified, otherwise students unprepared by a slow 
teacher will enter examinations with sad consequences. 


Encouragement and Stimulation 


The energies of the best or most inspiring teachers are devoted to the 
training of the students in the more advanced sections where they are most 
appreciated and most productive. The result is that many bright students 
at the close of the year are one-half year to a year ahead of the regular 
schedule or have covered much additional work. At the same time the less 
privileged student has had an equal amount of teaching service, has ac- 
quired as much chemistry as he can assimilate and has been continually 
stimulated by the accomplishment of tasks set according to the average 
abilities of his class and within his attainment. 


CH) 





THE EFFECTS OF DIFFERENT INSTRUCTORS FOR RECITATION 
AND LABORATORY IN FRESHMAN CHEMISTRY 


F. E. BRown AND R. R. Coons, Iowa STaTE COLLEGE, AMES, IowA 


Data on drops, term tests, final examinations, and final grades are presented 
for 23,868 enrolments of students who met a lecturer in chemistry. Of these 
students, 9098 met the same instructor in recitation and laboratory: and 
14,770 met different instructors in recitation and laboratory. In all par- 
ticulars the records of the students who met the same instructor were better than 
the records of those who met different instructors. Those meeting different in- 
structors showed 2% more dropped, an additional 3% more below passing, and 
3.35% fewer above 90% than those who met the same instructor. If all stu- 
dents who were dropped, or who failed, re-enrolled for the next quarter, assign- 
ing 1000 students to the same instructor in recitation and laboratory would 
save the time of an instructor in the succeeding quarter, besides raising the 
standard of all of the other students. 


One of the many difficulties confronting a college freshman in chemistry 
is a system which gives the student a lecturer, a second instructor to 
direct his laboratory work, and a third to hear his recitation. In this 
system, which is used by many schools, the three teachers may use different 
nomenclature, and different methods of instruction, and may emphasize 


different portions of the subject matter. 

In the larger colleges and universities, the complexity of schedules makes 
it highly improbable that a student will have the same instructor in 
recitation and laboratory unless a special effort is put forth. For a number 
of years the professors at Iowa State College have believed that a more 
intimate acquaintance and a better understanding between the teacher 
and the student were extremely desirable, and that a better attitude and a 
better quality of work could be obtained by decreasing the number of 
instructors foreach student. In attempting to realize this goal considerable 
time and effort are spent in arranging the class and laboratory work so that 
as many students as possible meet the same instructor in recitation and 
laboratory. This is shown by the following data. Of the 11,273 students 
who registered prior to 1925, 3986 were so arranged that they met the 
same instructor in recitation and laboratory, while 7637 had different in- 
structors. Of the 12,245 students who have since registered, 5112 met the 
same instructor in recitation and laboratory, while 7133 were assigned 
to different instructors. This was accomplished without any aid from 
the enrolling officers. Beginning this year the enrolling officers are ar- 
ranging students in groups so that providing the same instructor in recita- 
tion and laboratory will be facilitated. 

In this paper the authors are following rather closely the general outline 
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and discussion of a previous paper.’ The data of the previous paper 
together with those which have been obtained since are submitted in this 
article. During these years students have enrolled under one professor for 
approximately 26,000 quarter credits in freshman chemistry. Of these, 
more than 2000 have either failed to start their work or have been excused 
because of illness or other unavoidable causes. There were 23,868 who 
were assigned places in laboratory and met their laboratory instructors. 
Of these, 9098 were assigned to the same instructor in laboratory and 
recitation, and 14,770 were assigned to different instructors in recitation and 
laboratory. 

An analysis of the data available from these two sources gives three 
measurable and interesting results: (1) the distribution between the two 
groups of students who dropped the course before the end of the quarter; 
(2) a comparison of the grades, made by the members of the two groups, 
in written work given by the lecturer; (3) a comparison of the final grades 
made by the members of the two groups. 

The tests and final examinations are given by the lecturer. The ques- 
tions are as completely unknown to the instructor as to the students them- 
selves. The answers are graded by squads of instructors. Each in- 
structor grades one answer in all books. The professor who wrote the 
questions discusses the grading of the answers with the squad and fre- 
quently acts as the squad leader and grades one question. ‘The instructor 
affects the grades of his students in written work only by the quality of his 
teaching. There is only one serious objection to judging the effect of 
having the same instructor in recitation and laboratory, or of having 
different instructors, solely by the written work. This is the fact that the 
professors frequently teach recitation sections and never laboratory sec- 
tions. Several hundred of the students listed as having different instruc- 
tors in recitation and laboratory were meeting in recitation the professor 
who prepared the questions in tests and final examinations for them. No 
student listed as having the same instructor in recitation and laboratory 
had this advantage. 

The final grade which a student receives for a quarter’s work is given 
by the recitation instructor. That instructor has before him a card filled 
out by the freshman chemistry office for each of his students, on which is 
recorded: (a) his own estimate of the student’s work in recitation sent in 
at intervals of two weeks, (b) a similar report from the laboratory instructor, 
(c) the grades for all lecture tests, (d) the final examination grade, and 
(e) a similar report of all previous quarters’ work in freshman chemistry. 
However, the instructor is not bound to follow exact averages and might 
let a closer acquaintance, such as would be formed in laboratory, uncon- 
sciously affect the final grade. 

1 BROWN AND Birrp, J. CHEM. Epuc., 2, 102-5 (Feb., 1925). 
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b6. ie Of the 9098 students having the same instructor in recitation and labora- 
this tory, 570 or 6.26% dropped before the end of the quarter. Of the 14,770 
ws: who met different instructors in recitation and laboratory 8.27% or 1222 
bine dropped the course before it was completed. There were 22,076 students 
used who finished the course. Of these 8528 had the same instructor in recita- 
who tion and laboratory and 13,548 had different instructors in recitation and 
‘ore. laboratory. In Tables I and II is given the distribution of grades for the 
a 22,076 students: 
and TABLE I 
General Effect of a Change of Instructors on Grades 
lree Grades in 
two Per Cent. Tests Examinations Quarter Grade 
ter: Drops Same 6.26 6.26 6.26 
Ips Diff. 8.27 8.27 8.27 
Below 60 Same 12.31 14.87 4.73 
des Diff. 13.30 17.17 6.01 
60-74 Same 25.60 23.79 10.89 
es- Diff. 26.67 23.73 12.63 
m- 75-79 Same 13.83 11.27 23.60 
in- Diff. 12.96 11.10 23.46 
; 80-84 Same 13.79 12.20 22.44 
he Diff. 13.96 11.74 21.41 
re- 85-89 Same 12.76 27] 17.29 
‘or Diff. 11.25 11.00 16.78 
1is 90-94 Same 9.80 10.99 11.71 
of Diff. 9.47 9.81 9.53 
95-100 Same 5.65 7.91 3.08 
2 Diff. 4.12 7.18 
e 
i TABLE II 
C- Effect of Change of Instructor on Groups of Students in Different Grade Levels 
ir Grades in uk : wee . 
Per Cent, Tests Examinations Quarter Grade 
0 Drops Same 6.26 6.26 6.26 
Diff. 8.27 8.27 8.27 
Below passing Same 37.91 38.66 15.62 
" Diff. 39.97 40.90 18.64 
75-89 Same 40.38 36.18 63.33 
1 Diff. 38.15 33.84 61.65 
S 90-100 Same 15.45 18.90 14.79 











59 16.99 11.44 





Diff. 13. 








Each instructor receives from the registrar the following directions 
for reporting grades: ‘‘Grades from 75 to 100 are passing grades. Grades 
from 60 to 74 are condition grades. Grades below 60 are failing.’’ The 
grades which are used in this paper are those given by the instructors on the 
scale prescribed by the registrar. 

Averages of data from the grades of 23,868 students should have some 
significance. If 1000 students began a course with the same instructor, 937 
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would attend classes until the close of the term and 781 would receive 
passing grades. If an equal number of students started with different 
instructors in recitation and laboratory, 917 would attend classes until the 
close of the term and 731 would receive passing grades. If 1000 students 
meet different instructors in recitation and laboratory 50 less of them 
will be given grades above passing than if they met the same instructor. 
If these 50 students should all enrol for chemistry during the next term, 
it would require the entire time of one instructor to conduct their classes. 
The beneficial effect is not confined to raising the lowest grade from below 
passing to above passing. Students of all degrees of ability are affected. 
The increase from 114 to 148 students per thousand receiving grades above 
90% is a greater percentage increase (30%) than the decrease of failures 
and drops combined, 269 to 219 per thousand (19%). 

In mastering chemistry, as in every other learning process, the greater 
responsibility is on the student, but a favorable environment encourages a 
more desirable attitude and the effects are more gratifying. Teaching is 
one of the influences which tend to depress or enkindle, as the case may be, 
all the dormant forces within the student. It is an active contribution 
from one person to another, and the personalities of receiver and giver ‘are 
very important factors in its effectiveness. The system of teaching which 
provides for the student the same instructor in recitation and laboratory 
gives the teacher greater opportunities for winning the codperation, confi- 
dence, and good-will of the student, and the student may be led uncon- 
sciously into greater accomplishments, both intellectual and moral, and the 
development of his own latent powers. The more completely these results 
are realized the better has been the guality of teaching. 





A GRAPHICAL PROJECTION METHOD OF DETERMINING THE 
COORDINATES OF CERTAIN POINT-GROUPS 


DaN McLACHLAN AND WHEELER P. DAVEY 
PENNSYLVANIA STATE COLLEGE, STATE COLLEGE, PENNSYLVANIA 


The codrdinates of the 32 point-groups have been determined ana- 
lytically by R. W. G. Wyckoff. The study of these tabulated coérdinates 
has so far required either that the student follow analytical methods blindly 
without visualizing the symmetry operations point by point, or that he 
follow, in imagination, the effect of rotating three-dimensional configura- 
tions of points about various axes. It is the purpose of this paper to 
describe a graphical scheme which enables the various symmetry operations 
to be visualized easily by x 
means of appropriate pro- 
jections, thus facilitating 
the study of the point- 
groups by beginners. The 
scheme will be illustrated 
in terms of a few of the 
cubic, rhombohedral, and 
hexagonal point-groups. 
The point-group symbols 4 
used are those of Wyckoff ogee - Kee 


(loc. cit.). | 
4 
Point-Group T if 


r 
This point-group is ar- V§ 
rived at by means of a 
three-fold axis which is 
operated on by three two- 
fold axes. The three-fold 
axis corresponds to one of 
the four body-diagonals of 
acube. The two-fold axes correspond to the principal axes of acube. The 
origin of coérdinates is taken at the center of the cube and the three axes 
of reference pass through the centers of the cube-faces. If the Z-axis of 
the cube is held vertical, and if the cube is rotated so that the positive 
direction of the X-axis points somewhat diagonally toward the left of 
the observer, then the cube is in such a position as to give, by our method, 
the same sequence of coérdinates as set forth by Wyckoff. The cube in 
this position is shown in Figure 1. 
If, now, the observer looks along the body-diagonal from A to A’, the 
1 Wycxorr, R. W. G., “The Analytical Expression of the Results of the Theory 
of Space-Groups,”’ Pub. 318, Carnegie Institution, Washington, D. C., 1922-1930. 
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FIGuRE 1.—CuBE SHOWING AXES OF REFERENCE 
AND 3-FoLtp AXES 
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FIGURE 2.—-PROJECTION OF CUBE WITH (111) 
PLANE PARALLEL TO PAPER 
the edge AB falls on X’; that of AC falls on Y’; 
that of AD on Z’. 

Draw a template as in Figure 3 on tracing 
cloth or semi-transparent paper showing, by 
dotted lines, the projections, X’, Y’, and Z’ 
in the positive directions of the X-, Y-, and 
Z-axes. On this template draw, in projection, 
the coérdinates x, y, and z, of the point P, and 
mark off the distances x and 2x, y and 2y, z 
and 2z along the X’, Y’, and Z’ directions, re- 








FIGURE 4.—TEMPLATE IN INITIAL POSITION FOR 
IDENTITY, | 


cube will appear in projec- 
tion on the (111) plane 
as in Figure 2. That is, 
in the plane of the paper, 
the projection of the origin 
of coérdinates and of the 
points A and A’ will all 
coincide at the center of 
the plane figure. The 
positive directions of the 
projections of the X-, Y-, 
and Z-axes will be 120° 
to each other. These 
projections will be called 
X’, Y’, and Z’, respec- 
tively. The projection of 





FIGURE 3.—TEMPLATE FOR 
Cusic Pornt-GRoups 


spectively. We shall fol- 
low the usual custom of 
considering the lengths x, 
y, and z, to represent dis- 
tances only. The sequence 
of the coérdinates indi- 
cates the axes to which 
they refer. The codérdi- 
nates of the twelve points 
corresponding to the 
point-group —T may now 
be found as follows. 


2r 4n 

» 43) 4(§) 
Place the template on 
Figure 2, passing a pin 
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through the origin of co- 
ordinates of both the tem- 
plate and of Figure 2. 
Make X’, Y’, and Z’ of 
the template register with 
X’, Y’, and Z’ of Figure 2. 
Then, in projection on the 
(111) plane, the point P 
is in the initial position 1. 
Obviously its coérdinates 
may be read off directly as 
x, y, Z The template in 
this position is shown in 
Figure 4. 

Rotate the template 
about the pin counterclock- 
wise through an angle 






























2r 
FIGURE 5.—TEMPLATE AT A ( 3 ) 







2 ; : ’ 
- This is the equivalent, in projection, of rotating the three-fold axis 


AA’ through = Th iti is sh in Figure 5. The new 
gh 3. e new position is shown g ). 





coérdinates are obviously z, x, y. They may be found most easily by 
noting the path required to go from the pin at the origin of Figure 2 to Q 
and then along the original y and z coérdinates of the point P. (When 
negative directions of travel are found, they must be indicated by minus 


signs in the usual way.) The resultant distances along the X’, Y’, and Z’ 
directions must then be 


d put in the proper sequence 
to show to which coérdi- 
nates they refer. This 
course will be followed in 
this article. 

Rotate the template 
counterclockwise about 
the pin through a second 











2r a 
angle of 3° This is the 





equivalent, in the projec- 
tion, of rotating the three- 
fold axis, AA’, through a 















dar 
total angle of 3 from the 


: m 4n 
FIGURE 6.—TEMPLATE AT A (=) initial position. The co- 
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ordinates for the A (3) 


position of P are evidently 
y, z, x. The position of 
the template is shown in 
Figure 6. 


2r 4 
u, A: (F), 4:(2) 


We must now rotate our 
original point x, y, z, 
through an angle z about 
the X-axis (Umklappung 
operation) and then repeat 
FIGURE 7.—THE TEMPLATE AFTER Umklappung the teen see Speen 
; ger san Ede of symmetry. The Um- 
klappung is done, in pro- 
jection, by placing the template in the initial position (Figure 4), insert- 
ing the pin through the point Q, and rotating the template 180°. This 
brings the point O’ above the projection of the origin of Figure 2, as 
shown in Figure 7. 
We are now ready to find the coérdinates of the point P in the three 











2r 4a 
positions U, A; ee and A; ei corresponding to the operation of the 


three-fold axis. The template is already in position for the first of these. 
2 
Using the type of procedure outlined under A & , and noting that the 


origin of the cube is now 
as far on one side of Q as 
the original origin, O, is 
on the other, we find at 
once that the codrdinates 
of the point P in the U 
position are x, y, Z. 

By transferring the pin 
to O’ of the template 
(which lies over the origin 
of coérdinates of Figure 
2), and rotating the tem- 


plate counterclockwise 


2a 4 
through 3 and “3 we may 


complete the operations 


‘ 





FIGURE 8.—THE TEMPLATE AFTER Umklappung 
of the three-fold axes and ABOUT THE Y-AXIS 














find 


tive 


abo 
put 
of | 
oris 


are 


lo) 


reo — d541 





%, 1932 


(3 
3 
ently 


on. of 
mm in 


the 


he 











Vox. 9, No. 11 GRAPHICAL PROJECTION METHOD 1957 


2 4 
find the coérdinates of P for the positions A; a and A; G ) respec- 
tively. They are Z, x, y, and y, z, x 
2r T 
V, a(F F) A(F ) To make, in projection, the Umklappung operation 


about the Y-axis, restore the template to its original position as in Figure 4, 
put the pin through R which lies at a distance y from O along the direction 
of Y’. Rotate the template 180° so that the point O” lies above the 
origin of coérdinates of Figure 2. Transfer the pin to the point O”. We 


: 2 
are now ready (see Figure 8) to find the codrdinates of V, Ae ) and 


3 
origin, O, of the template z! 
is on the other, so that 
the codrdinates of the 
point P for the position 
Varex, 2y — y,z = x,y, 
z. A counterclockwise 

2Qr Ar 
, 5 
gives the codrdinates of 
P for the positions Ag 


r\ aa (2 
3 ) and Ae | 3), re- 


spectively. They are z, 
aa" Fy BSS 
and 2y — y, z, X = y, Ficure 9.—Tue TEMPLATE AFTER Umklappung aBout 


z, X. THE Z-AXIS 


2 
W, A,( >) as(4 7) Restore the template to its original position as in 


Figure 4, and make the Umklappung operation about the Z-axis by putting 
the pin through S and rotating the template 180° so that the point O’”’ 
lies above the origin of codrdinates of Figure 2. (See Figure 9.) The 
coérdinates of P in the W position are read off as x, y, 2z —z = x, y, z 


Transfer the pin to O’’’ and operate the three-fold axis, in projection, by 
on 


4 
counterclockwise rotations of > 3 and 3° These give for the coérdinates 


de 
otPinthe As (and As ( 7) Positions, 2z — 2, X, y =Z,x, y, and y, 2z —z, 


X = y, Z, x, respectively. This completes the determination of the coérdi- 
nates of the point P in all twelve of the equivalent positions of point- 
group T. 


4 ae : : 
a(S ) The origin of the cube is now as far on one side of R as the original 








rotation of 
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Point-Group O 


The octahedral group has four three-fold, three four-fold, and six two. 
fold axes arranged in the same manner as the body-diagonals, altitudes, and 
face-diagonals of acube. The two-fold axes U, V, W of point-group T are 
now four-fold axes, so that to the operations I, U, in point-group T we must 


3 
now add B (5) and B (e} to the operations 1, V, we must add B, (5) an 


3m : T 3m 
B, | | ); and to the operations 1, W, we must add Bz { 5 } and Bz | > 


= 


giving the following operations of the three four-fold axes: 


In addition, we have six 
two-fold axes whose 
operations are Uj, Us, 
Vi, V2, Wi, We. 

Instead of starting 
from the original point 


for each of the twenty- 


FIGURE 10.—A RHOMBOHEDRON PROJECTED ALONG four operations of O, it is 
THE TRIGONAL AXIS ON THE (111) PLANE : 





simpler, in projection, to 
build up the twelve points of point-group T and then rotate T, as a 
whole, 180° about one of the two-fold axes lying in the (111) plane of 
projection. The observer is now looking along the body-diagonal of the 
reference cube (Figure 1) from A’ toward A. In projection on the (111) 
plane he sees the reference cube, not as in Figure 2, but with the X- 
and Y-axes interchanged and with the positive directions of all three axes 
reversed. 

If now, keeping this change of axes and signs in mind, all the operations 
of point-group T are repeated, the additional coérdinates of point-group 
O will be found. They are: 


¥, XZ; XZ, Yi Z y> X; 


¥, Bi 2; X, Be ¥; 2, Yew; 
= y,X,Z; x,Z, —2y +y =X,Z,y; Zz, — 2y + y,x 


= y,x,Z; x, —2z+2z,y = x,Z,y; —2z+2z,y,x= 
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These twelve codrdinates, 
together with the twelve 
found for point-group T, 
complete the determination 
of the codrdinates of the 
point P in all twenty-four 
equivalent positions of 
point-group O. 

The application of the 
above technic to ortho- 
rhombic and tetragonal 
point-groups is obvious. 


Hexagonal System 





FIGURE 11.—PROJECTIONS FOR DETERMINING THE 


hombohedra may be re- age 
R y Co6ORDINATES FOR RHOMBOHEDRAL Pornt-GROUPS 


ferred either to rhombohe- 

dral (distorted cubic) axes, or to hexagonal axes. Figure 10 shows that if 
arhombohedron is held so that the observer looks along the trigonal axis, it 
will appear in projection on the (111) plane, with the projections X’, Y’, 
Z’ of the rhombohedral axes 120° apart as in the case of acube. At 30° to 
these projections may be seen the actual X;,, Y,, and F; hexagonal axes. 
The hexagonal Z;, axis lies perpendicular to the paper; it is the trigonal axis 
of the rhombohedron. The changes in technic necessary to make the pro- 
cedure just described for cubic point-groups apply to rhombohedral point- 
groups are caused by the use of the hexagonal axes in the symmetry opera- 
tions. These will be illustrated in terms of the C3, D3, C3,, and C3; point- 
groups. The illustrations may be followed more easily by making a 
separate drawing (Figure 11) which shows the X’, Y’, and Z’ directions 
and the hexagonal X;, axis. 


Point-Group C; 


By using the template of Figure 12, and 
by duplicating exactly the procedure for 1, A 


2a 4a ; ; 
3 ,A 3 of point-group T, we arrive at 
the rhombohedral coérdinates of C;, namely 
EY BAS TS 


Point-Group D; 





This point-group contains the three points 
of C3 and, in addition, three others obtained 
Ficure 12.—TEMPLATE by an Umklappung operation (rotation of 


FOR RHOMBOHEDRAL PoIntT- oe 
Groups 180°) about one of the hexagonal axes X}, 
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Y,, or Fy. Since all three 
of these hexagonal axes 
produce identical end re- 
sults, it is only necessary 
to illustrate the operation 
around one of them, say 
the X,. The Umklappung 
operation will turn the 
rhombohedron _ upside- 
down and will therefore 
present to the observer the 
projected axes X’, Y’, and 
Z’ as shown in Figure 13. 


FicurE 13.—X’, Y’, AND Z’ AFTER THE RHOMBO- Applying the template 
HEDRON Has BEEN RoraTEpD 180° ABouT THE Xy : 9 : 
Ash {Ulallathoee) of Figure 12 to Figure 13, 





we obtain the coérdinates 


y> xX, “k x, Zs y; Zy y; Xx. 


These, together with the three listed under C;, are the codrdinates of the 
point P for D3. 
Point-Group C;, 


This point-group may be obtained by adding to C; the operation of a 
vertical mirror passing through the hexagonal axis Z,. There are two 
types of orientation possible for such a mirror: (a) it may pass through 
X;, or Yy, or F;, or (0) it may bisect the angle between X, and Fy, or 
X; and Y,, or Y, and F,. It may be shown that all of these orientations 
lead to identical configurations of points, and that those from type () 
differ from those of type 
(a) only in the viewpoint Z Cy 
of the observer. Alterna- 
tive (b) may be expressed 
by saying that the mirror 
lies in the direction of X’, 
Y’, or Z’. The coérdi- 
nates of the points pro- 
duced by the mirror can 
be obtained in the order 
tabulated by Wyckoff if Mirror 
we orient the mirror in the 
direction of Z’. The ef- 
fect of such a mirror on 


Fig ure 11 is shown - FIGURE 14.—THE EFFECT ON FIGURE 11 oF A VER- 
Figure 14. The addi- TICAL MIRROR PLACED IN THE DirECTION OF Z’ 











th 
ar 
th 
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three tional codrdinates of C;, 
Axes may now be found directly 
d te. by placing the template 


SSaty (Figure 12) on Figure 14, 
ation and repeating the opera- 
» Say tions already outlined for 
Pung C;. The codrdinates thus 
the found are 
side- 
efore 
r the These together with 
the three listed under C3 
are coordinates of P for 
the Cae: 


Point-Group C;; 


Y¥> XZ; XZ, V3 ZY, X. 





The effect of the in- 
version operation may be 
found, in projection, by making a new template such as is shown in Fig- 
ure 15. This template is applied to Figure 11 and the procedure already 
outlined for C3 is repeated except that it is necessary to write the codrdi- 


FiGuRE 15.—TEMPLATE FOR USE WITH INVERSIONS 


nates for P’ as well as for P. Such a procedure gives for P: 


we % Bi 8s & ee VSS 
te 
and for P’: 
4, aX. Crop Rper 


2) Used te Locate rome ct 
Points of X; y> Z, ZX, VY; Y» Z, X- 
DB 


Y Coordinates 


Point-Group D3, = D3 


This point-group may 
be found by adding to 
the procedure already 
described for D; that just 
described for the inver- 
sion. 


Hexagonal Codrdinates 


Those point-groups 
which are expressed most 
naturally by hexagonal 
coérdinates (Con, Ds; 


‘ D D a 
FicurE 16.—HEXAGONAL COORDINATES MARKED OUT Cs, De, Cons Cov, on) ” y 
IN THE X},Y}, PLANE be examined in projec- 
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tion by imagining the observer to look along the hexagonal Z,-axis. All 
sense of perspective along the Z,,-axis is thus lost, and the point-group is 
seen projected in the plane of the X; and Y,-axes. It is easy to keep 
track of whether the point P lies above or below the plane of the paper, i. ¢., 
whether the Z, codrdinate is positive or negative. The only difficulty 
the beginner has is in finding the codrdinates along the X; and Yj,-axes, 
The X,, distances which have to be used are x, x — y, y, y; y — X,x; the Y, 
distances are alsox, x — y, y, y, y —X,x. These may be marked off to scale 
on triangular coérdinate paper, for the values of x and y adopted for the 
point P. This gives a set of codrdinates such as is shown in Figure 16, 
The use of this type of triangular coérdinate paper may be illustrated in 
terms of point-group Dg as follows. 

Imagine a template drawn to scale showing the point P at x, y, z. (If 
desired, the Z, coérdinate may be thought of as a pin stuck vertically into 
the template.) Clockwise rotation of this template in steps of 60° places 
the point P successively at x, y, 2; y, y—X, Z; Y—X, X, Z; X, y, Z; y, X—Y, Z} 
x—y,x,z. Umklappung about the X,- or F,-axes produces the same result 
as Umklappung about the Y-axis. Restore the imaginary template to its 
original x, y, z position and perform the Umklappung operation about the 
Y,,-axis. This will place the point P at x, y—x, z. Now rotate the imagi- 
nary template in a clockwise direction in steps of 60°. The additional 
coordinates thus found are x, y—x, Z; y, X, Z; X,X—y, Z} XY, y, Z; y, XZ 

The coérdinates of equivalent positions of P have thus been found in the 
order listed by Wyckoff. 

The application to the other hexagonal point-groups will be obvious 


from the above. 





ADAPTATION OF THE BUNSEN BURNER TO. NATURAL GAs* 


G. Ross ROBERTSON, UNIVERSITY OF CALIFORNIA AT LOS*ANGELES 


The recent advent of natural gas into American laboratories has emphasized 
the fact that the classical Bunsen burner is unsutted to use with paraffin hydro- 
carbons. A large percentage of free hydrogen is required in the fuel if a hot, 
stable flame is to be obtained. 

Manufacturers are offering new burners adapted to natural gas. In these the 
upper tube, or stack, is enlarged and perhaps modified in shape; the gas orifice 
is reduced or its regulation improved; air-ports are enlarged, and devices are 
attached to the mouth, or port, to prevent blowout of a hydrocarbon flame. 


When the city of Heidelberg in 1855 adopted the new-fangled improve- 
ment of illuminating gas, Robert Wilhelm Bunsen was immediately con- 
fronted with the problem of using it in the university laboratory. One of 
his British students! offered the eminent director the awkward Argand lamp 
which London was already using to heat flasks and retorts. Bunsen, 
profoundly disgusted with the performance of this device, proceeded forth- 
with to bore holes in the side of a metal tube, and then passed the new fuel 
through the tube in such a manner that air was drawn into the gaseous 
stream. Result—the Bunsen burner, an invention which has given 
Bunsen more widespread fame than all the rest of his important researches. 

In its day the Bunsen burner was rightly classed as an important inven- 
tion, and it immediately afforded its inventor an opportunity to conduct 
investigations? of flame reactions. Nowadays, however, the designer of 
gas burners realizes that Bunsen had a relatively well-behaved fuel to 
deal with in common coal gas. It was easy to adjust the burner to give a 
flame of high efficiency.’ 

History now repeats itself after a fashion, seventy-five years later, 
in the recent widespread invasion of natural gas into American laboratories. 
To be sure, the native fuel has had limited use, both domestic and indus- 
trial, for decades; but not until 1930 and 1931 did this rich new gas reach a 
sufficient number of chemical laboratories to raise a real chorus of com- 
plaint, audible in Chicago and Pittsburgh. Manufacturers of burners 
have now listened, and peculiar-looking devices are being offered to us. 


Bunsen Burner Inadequate 


Every chemist whose fuel service has shifted to natural gas has had oc- 
casion to regard his Bunsen burner with the same disgust which Bunsen 
expressed over the Argand lamp. A “‘soft’” blue or even yellow flame re- 
places the hot hissing flame with the green inner cone. A change to the 


1 Roscog, J. Chem. Soc., 77, 547 (1900). 

? BUNSEN, Ann., 138, 257 (1866). 

3 THorPE, J. Chem. Soc., 31, 627 (1877). 
1963 
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more modern Tirrill-type burner, with its wider air-mixing chamber and 
adjustable needle-valve, affords but slight relief. To be sure, the Tirrill- 
type burner usually eliminates yellowness of flame. To accomplish 
anything more, one must increase the gas pressure, screw in the needle- 
valve and open the air-ports wide—whereupon the flame promptly blows 
itself out. 

Chemical Composition of Gas 


The following typical analyses of commercial fuel gases reveal the 
principal cause of the difficulty : 


Carbureted Dry Natural Cylinder 
Coal Gas Water Gas Oil Gas Gas Gas 


Hydrogen 57.9% 35.5% 51.08% 0.00 0.00 
Carbon monoxide 6.15 32.0 10.43 0.1 0.00 
Methane 89 0.00 
ialtieaee 26.97 ' 12.7 } 27.5 Pein 
Propane ee a ue 28.7 
iso-Butane = oa a .15 25.3 
n-Butane ee a a Ai 46 
iso-Pentane, etc. Ey ; os ae trace 
Ethylene 0.4 0.00 0.00 
Benzene 0.98 0.00 0.00 
Carbon dioxide 3.15 0.2 0.00 


: 0.25 0.00 
5 ; 0.63 1.86 
505 1100 3037 


Oxygen 0.85 
Density (air = 1) 0.38 
B. t. u. value 527 55) 


9. 
ie 
4. F 
Nitrogen 3.53 4. ; 0.5 0.00 
0. 
0. 
0 


The oil gas described above is the fuel made by cracking petroleum on 
hot bricks, and was the principal domestic gas of pre-war days in California. 
At present it is used for little more than a standby reserve in the major 
centers, the 1100 B. t. u. natural gas having supplanted it generally. The 
figures given for ‘‘dry natural gas’”’ are rounded-off values, subject to slight 
variation, for the standard city fuel dispensed by several companies in the 
Los Angeles district. It is the residue of ordinary natural gas from which 
absorption gasoline and “cylinder gas’’ have been stripped. The cylinder 
gas is a liquefied fuel now being dispensed by a leading western utility in 
small towns distant from the major gas lines. Its boiling range is —17° 
to —1°C., and its vapor pressure at room temperature of the order of four 
atmospheres. 

Free Hydrogen 


It is the presence of free hydrogen in large amount in artificial gases 
which makes the old-fashioned Bunsen burner usable. Hydrogen burns 
rapidly in a highly restricted space. Its velocity of flame propagation is 
roughly ten times that of a paraffin. Even the 50% mixtures show more 
than three times the velocity of the hydrocarbon flame. Furthermore, 
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in the presence of hydrogen the carbon monoxide of water gas seems to 
burn more rapidly than it does in the pure state. Accordingly there is 
little danger of spontaneous blowout of a flame if the fuel has at least 30% 
free hydrogen. The downward rush of flame toward the port or mouth of 
the burner is much faster than the upward current of gas and air. Asa 
result of the great speed of combustion of a hydrogen mixture, the flame is 
concentrated in a small space and thus its temperature is higher. The 
resulting temperature advantage is of particular interest to the glassworker 
who is not provided with cylinder oxygen. 

Being of low fuel value per cubic foot, hydrogen requires but little air for 
combustion. Accordingly Bunsen 
found no difficulty in providing 
adequate air intake facilities. A 
couple of small air-ports were suffi- 
cient. Actually there was more 
concern about the strike-back of the 
flame than of blowout. 





Burner Design 


In the conventional burner design, 


as illustrated in Figure 1, the useful- H—e_ 
ness of the ‘‘stack,”’ or vertical tube, 
and the airports is obvious even to | 





the laboratory beginner. Surpris- af ORIFICE 


ingly few students, and by no means 
all instructors, realize the signifi- 
cance of the gas orifice, which directs 
a small jet of fuel at high velocity 
into the air-mixing chamber. With- 
out this orifice the desired blue flame he \ 
ideetaengsh yeodueead:; er. FIGURE 1.—A CONVENTIONAL LABORA- 
hot blue flame with the green cone, roxy Buanwa Desa 

so much prized for high-temperature 

work, is quite unattainable. This information might well appear in 
manuals of general chemistry, and would serve to clear up some of the 
mystery as to ‘‘poor burners.” 

The standard Bunsen burner has a relatively large gas orifice, small 
air-ports, and asmall (7/,.-inch) stack. All three of these specifications are 
out of line for natural gas. The supposedly obvious remedies lead to 
trouble, however. 

Since the air-gas mixture is too rich, one may reduce the size of the 
orifice, leaving air-ports open at full. Unfortunately, this causes a serious 
loss in primary air injection. When a fine stream of fuel gas emerges 
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under pressure from a minute orifice past a ring of air-ports into an air- 
mixing chamber, the proportion of air sucked in is subject to simple cal- 
culation. The amount of air captured, per unit of heat value used, varies 
inversely as the B. t. u. rating of the gas, and directly as the square root 
of the gas density. For example, let us compare natural gas of 1200 B. t. u. 
value, density 0.68, and artificial gas, 550 B. t. u. and density 0.42: 


550 _ [0.68 


1200 Vo-a5 = 0.582 


This calculation tells us that the natural gas will draw in only 58.2% of 
the air which would have entered with the equivalent (in heat value) of 
artificial gas. 

Theoretical Remedies 


Such a result at once leads to three propositions: (a) increase the gas 


es ® 
































Cc D E 
FIGURE 2.—IMPROVED STACKS FOR NATURAL GAS BURNERS 


pressure in order to encourage a vigorous air draft; (5) reduce the orifice 
size so as to keep the mixture lean; and (c) enlarge the air-ports. By 
these modifications one may raise the percentage air intake to the desired 
value. 

When all this is done, the resulting flame would probably be wonderful 
if it did not promptly blow itself out. The gas current in the stack is too 
rapid for the downward propagation of the flame. 


Venturi Tube 


A partial remedy for the above troubles is found in the classical Venturi 
tube, represented in Figure 2(A). The U. S. Bureau of Standards‘ has 


‘ BERRY AND Co-Workers, U.S. Bureau of Standards Technologic Paper No. 193 
(1921); No. 222 (1922). 
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shown that a constriction of the stack near its lower end to 43% of the port 
or mouth diameter, combined with the proper taper of tube, gives maximum 
efficiency and a concentrated, hot blue flame. Unfortunately, the cost 
of manufacture of such a stack is too high for the economics of common 
student burners, although the idea is carried out in a very few models for 
special purposes. The necessity for multiple openings at the top of such a 
burner adds further to its cost. The device is of course to be recommended 
where the customer can afford its use. 












Economical Design 





The simplest and one of the most effective single remedies for Bunsen 
burner troubles is a mere increase in size of stack, still preserving cylindrical 
form. Roughly this means a 30 to 125% enlargement in cross-sectional 
area, aS seen in recent commercial burners. Three valuable results 
ensue—first the gas and air have a much greater space in which to mix; 
secondly the current is slowed down; and finally the resulting flame is 
shorter, wider, and therefore more efficient by direct impact. Manu- 
facturers of the new natural gas burners differ slightly in preference of 
size, using tubing ranging from 1/2 to !!/,. inch outside diameter. 















Prevention of Blowout 


Even the increase of stack diameter still leaves the natural gas flame 
somewhat unstable. A sudden draft, or a turn-up of the gas, and the 
flame is extinguished. To remedy this nuisance it is necessary to break 
up the stream of gas at the port or place of actual flame, and to reduce 
the velocity of at least a part of the stream at that place. 

In the common kitchen stove the system of multiple holes in a wide iron 
top is satisfactory in view of the fact that all of the vessels to be heated 
are of large size. Such a scheme is too expensive for the laboratory, and 
particularly unsuited to the heating of test tubes and crucibles. 

The Bunsen burner port may then be castellated and slightly con- 
stricted, as shown in Figure 2(B). The peripheral gas current is retarded, 
and there tends to be a circular pilot flame fixed at the port opening 
where it belongs. The ‘“‘flame intensifier’ (C) shows this idea carried out 
to an extreme. Such a device effectively stops blowout, gives a wide 
“rosebud”’ effect, and is efficient in service with wider vessels such as 
beakers and porcelain dishes. With test tubes and small distilling flasks 
it meets criticism by reason of its breadth of flame. 

The well-known Meker-type grid gives a similar retardation of gas 
current and effectively stops the blowout. It is interesting to observe 
that the device was designed not for this purpose, but rather to prevent 
exactly the opposite difficulty, viz., the downward strike of a coal-gas 
flame rich in hydrogen. 
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For the many who prefer a simple torch-like Bunsen flame, the sleeve 
and baffle system (D) or the hexagonal insert (Z) solves the blowout 
problem. In both of these devices, as in the castellated tip, a portion 
of the gas-air current is retarded until its velocity is insufficient to pertnit 
the lifting of the flame from the burner port. In the sleeve device the re- 
tardation is accomplished by the deflection of a small fraction of the fuel 
through four holes into the annular space, where it has plenty of time to 
escape and burns with stability. In the stack equipped with hexagonal 
insert the outer passageways are so narrow, as in the Meker grid, that the 
current velocity is reduced to a satisfactory degree and the flame is stable. 
Both devices operate well, and involve no great manufacturing expense. 
It should be noted that patent applications have been filed for these devices. 


Orifice Problem 


In the old Bunsen burner the gas orifice is a simple affair. It is virtually 
a miniature fishtail outlet, flattened only partially to give the rather coarse 
opening suited to coal gas. Simple tinkering with a penknife or a hammer 
is adequate for adjustment of opening. Such crude construction was pre- 
ferred to the drilled orifice largely because of the fact that adjustment did 
not require the services of a machine shop. 

When adapted to natural gas the fishtail orifice is necessarily very 
narrow, and thus unsatisfactory. The slightest corrosion or entrance of 
foreign solid matter throws the adjustment out. Accordingly a drilled 
orifice running from 72 (wire-drill size) up to 65 or larger is used in the new 
models. As suggested in Figure 1 such an orifice should be drilled out from 
below with a large drill to a point near the tip. The final distance is run 
through with the fine drill. In this way the pressure of gas at the point of 
escape is not diminished by friction in a long passageway. Such construc- 
tion is of particular value in districts where the gas pressure runs below five 
inches of water. 

In certain very recent models the orifice is displaced to the side wall of 
the stack. This not only permits a convenient air supply from below, but 
serves as a protection from troublesome foreign matter, such as molten 
sulfur, which often falls into burners. 


Irregular Gas Service 


All would now be lovely if the gas company would only serve gas of 
uniform B. t. u. value, summer and winter. The ideal is nearly attained 
in a city such as Los Angeles with a happy climate and vast petroleum re- 
sources. Farther east, where the thermometer is free upon occasion to fall 
below zero, uniformity is almost impossible. Standby gas plants must be 
drafted into service, and winter gas becomes different from summer gas. So 
arises the popularity of the Tirrill-type burner, familiar in most laboratories. 
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In the past some dissatisfaction has arisen from two defects in the Tirrill. 
Faulty centering of the needle point causes misdirection of the fine gas 
stream into the stack. The percentage air intake falls, and the flame be- 
comes soft and ineffective. Many old burners now in service have this 
failing without much hope of remedy consistent with economy of repair. 
Secondly, faulty threading, which may after all be the cause of the afore- 
mentioned difficulty, also permits leakage. To remedy such a situation 
certain manufacturers favor the use of a packing gland, or nut with soft 
washer, in the base. Other manufacturers, unwilling to add this expense 
to the burner, prefer to confine attention to accurate threading and avoid 
leaks in a simpler manner. 

It is quite possible that all of the present-day Tirrill-type burners have 
a much larger needle than is desirable with natural gas. Certainly any of 
them has a much larger gas capacity than is warranted by any ordinary 
use of the device. Furthermore, in view of the fact that corrosion of the 
brass needle and valve seat reduces the effectiveness of the natural gas 
flame markedly, there should be profitable research in the application of 
more resistant metals to this situation. 

While the foregoing account covers the principal patterns of conven- 
tional burners, there still remains a variety of novel commercial devices, 
many not yet well tried out by the trade. This includes burners with stacks 


widely separated from orifice, and burners with no stack at all—merely a 
top grid or mantle. 


Cylinder Gas 


Public utilities are discovering that it is more economical to distribute 
propane and butane in small towns than to build and operate local gas- 
manufacturing plants. Undoubtedly a small demand will arise for 
laboratory burners in such regions, remote from metropolitan gas lines. 
The commercial cylinder gas described in the analytical table above is 
highly unsuited to the common Bunsen burner. It gives but little better 
satisfaction in the ordinary Tirrill burner, or the fixed-orifice natural gas 
burner adapted to 1100-B. t. u. gas. The large-stack Tirrill-type with 
wide air-ports and antiblowout device gives fairly good flames with the 
3000-B. t. u. gas up to a flame height of about four inches. If the flame 
be turned up to higher volume it becomes slightly yellow. It is likely that 
the ideal student burner of low cost, suited to propane or butane, is yet to be 
presented commercially. 

The Venturi- or Meker-type burner, when provided with ample air-ports, 
will just nicely take care of butane gas. Satisfactory burners of this 
type are already on the market. It is possible to obtain a single burner 
which will handle anything from low-grade water gas to straight butane 
with satisfactory results. 








A CONVENIENT METHOD FOR THE CRYSTALLIZATION OF 
SUGARS AND OTHER ORGANIC SUBSTANCES 


HENRY TAUBER AND ISRAEL S. KLEINER, NEw YORK HOMEOPATHIC MEDICAL COLLEGE 
AND FLOWER HospitTaL, NEw YorK, N. Y. 


Kober! has observed that, when saturated sodium chloride or ammonium 
sulfate solutions are placed in a collodion sack with the open end closed 
tightly with a piece of cord, suspended in the air, and fanned in a warm 
room, crystals of these salts crystallize outside and “blow off like snow.” 
This he called ‘‘percrystallization.’’ In a recent paper? we have described 
needle-shaped crystals of sodium chloride belonging to the regular cubic 
system, which we obtained by percrystallization. We found that the 
needles formed even at low temperature and almost immediately without 
fanning. Many inorganic salts were found to behave like sodium chloride, 
i. é., they crystallize outside the collodion bag, sometimes in very interesting 























FIGURE 1.—CRYSTALS OF MALTOSE FIGURE 2.—CRYSTALS OF LACTOSE 
OBTAINED BY INTRACRYSTALLIZATION, OBTAINED BY INTRACRYSTALLIZATION, 
MAGNIFIED 50 TIMES MAGNIFIED 50 TIMES 


shapes. On testing organic substances having relatively large molecules 
which are ordinarily non-dialyzable, it was found that crystallization took 
place only inside the bag. Since percrystallization of organic substances, 
or rather crystallization of organic substances with the aid of percrystalliza- 
tion, has not been studied to any extent, we have undertaken to crystallize 
various organic substances by this method. Since these substances crys- 
tallize within the collodion bag, we suggest that the phenomenon, in this 
instance, be called ‘‘intracrystallization.”’ 

Sugars are readily crystallized by this method. Figure 1 shows crystals 
of maltose, obtained by intracrystallization from a 20% solution, Figure 2 
illustrates lactose crystals from a 10% solution, and Figure 3 shows sucrose 
crystals, also from a 10% solution. Two hundred cubic centimeters of each 
disaccharide solution were placed in 250-cc. collodion bags tied with cord 

1 Koper, J. Am. Chem. Soc., 39, 944 (1917). 
2 TAUBER AND KLEINER, 1bid., 54, 2392 (1932). 
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and suspended in air. The solutions were made from ordinary commercial 
preparations. The temperature was 18-20°C. The time required for 
crystallization varied according to the thickness of the collodion bags. 
Thin bags are the most favorable and their shape was that of a 250-cc. 
Erlenmeyer flask. Leaking bags retard crystallization and should be dis- 
carded. A satisfactory method for the preparation of dialyzing bags is 
described by Hawk and Bergeim.* The crystals formed are the usual 
crystal forms of these carbohydrates. 

With certain organic substances, we found the speed of crystallization 
to be enormous in comparison with controls. For instance, 200 ce. of a 
10% solution of tartaric acid in a 250-cc. beaker, covered with a watch 
glass, did not crystallize in three months, while another sample which 

















FIGURE 3.—CRYSTALS OF SUCROSE FIGURE 4.—CRYSTALS OF CYSTINE 
OBTAINED BY INTRACRYSTALLIZATION, HYDROCHLORIDE OBTAINED BY INTRA- 
MAacnirFiep 50 TIMES CRYSTALLIZATION, MAGNIFIED 2 Dr- 

AMETERS 


was placed in a collodion bag intracrystallized in a few days. Both were 
kept at room temperature. 

Figure 4 shows crystals of cystine hydrochloride which were obtained 
as follows: One half g. of cystine which was prepared from hair* was dis- 
solved in 50 cc. of 3% hydrochloric acid and placed in a collodion bag, 
which was tied and suspended in air. When the acid reached the proper 
concentration the cystine-HCl crystals appeared inside the bag. It should 
be noted that if a solution of dilute hydrochloric acid is placed in a bag and 
is tied and suspended in air, the dilute HC1 will concentrate exactly as if the 
solution were boiled with a flame until ‘‘constant boiling point” is reached. 
This was ascertained by titrations. 


3’ HAWK AND BERGEIM, “Practical Physiological Chemistry,’’ 10th ed., P. Blakis- 
ton Sons, Philadelphia, 1931, p. 51. 
‘ Foxrn, J. Biol. Chem., 8, 9 (1910). 
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This method may be recommended for the crystallization of organic sub- 
stances, especially where low temperatures are necessary or where a simul- 
taneous increase in Cy+ is desired. We demonstrated this with cystine 
and in the experiment with dilute hydrochloric acid. The behavior toward 
Cy+ is of course the reverse of what occurs during dialysis, in which there 
is a decreased Cy+. 

Theoretical considerations for percrystallization and for the quick 
evaporation of water by a flame at low temperatures (70°C.) from open 
collodion bags suspended in air, are given by Kober.' The latter phe- 
nomenon was anticipated by primitive people who used bladders or raw 
skins of animals suspended on stakes. In such vessels food would boil when 
a slow fire was kindled beneath them. 


OX, 


UNITED STATES CIVIL-SERVICE EXAMINATION FOR ASSISTANT ASSAYER 


The United States Civil-Service Commission announces an open competitive exami- 
nation for the position of assistant assayer. Applications must be on file with the U. S. 
Civil-Service Commission at Washington, D. C., not later than October 27, 1932. The 
examination is to fill a vacancy in the United States Mint, New Orleans, La., and one in 
the Assay Office, Helena, Mont., and vacancies occurring throughout the United States 
in positions requiring similar qualifications. 

The entrance salary is $2000 a year, less a furlough deduction of 8'/; per cent. and 
retirement deduction of 31/2 per cent. 

Competitors will not be required to report for examination at any place, but will be 
rated on their education, training, and experience. 

Applicants must have had certain specified education, and certain specified experi- 
ence in assaying gold, silver, or other precious metals. 

Full information may be obtained from the Secretary of the United States Civil- 
Service Board of Examiners at the post office or customhouse in any city, or from the 
United States Civil-Service Commission, Washington, D. C. 
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A SIMPLE AND CONVENIENT SET-UP FOR POTENTIOMETRIC 
TITRATIONS 


NELSON ALLEN* 
Frick CHEMICAL LABORATORY, PRINCETON UNIVERSITY, PRINCETON, NEW JERSEY 


Several well-known pieces of apparatus are combined to produce a set-up 
for potentiometric titrations offering the advantages of simplicity, conventence, 
and portability. Details and diagrams of the apparatus are given. 


During the course of some work on the potentiometric titration of 
fluorine several well-known pieces of apparatus were combined in such a 
manner as to produce a set-up offering the advantages of simplicity, 
compactness, and portability. The diagrams show the details of the ap- 
paratus, the upper being an elevation and the lower a plan with the salt 
bridges omitted for the sake of clarity. 

The base is a piece of hardwood 22 X 7 X 2 cm., into which (B), an 
ordinary 250-ml. bottle, and (C), a 50-ml. beaker, are set to a depth of 1.5 
cm. and sealed in place with de Khotinsky cement. The bottle (B) con- 
tains the calomel half-cell and is the type recommended by Miiller' and by 
Kolthoff and Furman.? Two changes have been made in this cell: the salt 
bridge is constructed from an H-tube instead of two T-tubes and the 
platinum wire in contact with the mercury is sealed to a copper wire 
inside the tube (M). This wire is soldered to a binding post which is 
cemented into the top of the tube (M). These two changes add greatly to 
the ruggedness of the cell. Wiring connections are made through (A), 
a double-pole, double-throw switch which has been converted into a revers- 
ing switch. The clamp (D) is one of the type designed to be clamped to 
bottles and to hold burets at the end (E), but the buret clamp has been 
replaced by a rectangular-headed screw from an ordinary clamp. The 
neck of the bottle (B) is wound with several turns of friction tape and 
the clamp (D) firmly fastened on. A piece of bakelite (G) 5 X 2 X 0.5 cm. 
is inserted in a slot cut in the clamp (D) and sealed in place with cement. 
The piece of bakelite (F) is 5 X 3.5 X 0.5 cm. and is bolted to the screw 
head. A jamb nut on (E) holds (F) rigidly in place and enables it to be 
extended to various lengths. 

Electrolytic contact is made with the solution to be titrated by another 
salt bridge held by (F) and (G). This bridge is held at any desired height by 
small rubber stoppers about 0.5 cm. thick slipped over the tubes of the 
bridge; one such stopper is shown at (I). Salt bridges containing satu- 
rated solutions of potassium chloride, nitrate, or sulfate are quickly inter- 

* J. T. Baker Chemical Co. Fellow in Analytical Chemistry. 
1 MULLER, “Die elektrometrische Massanalyse,’’ 4th ed., Theodor Steinkopf, 


Dresden and Leipzig, 1926, 246 pp. 
? KOLTHOFF AND FuRMAN, ‘‘Potentiometric Titrations,” 2nd ed., John Wiley and 


Sons, Inc., New York City, 1931, pp. 79-81. 
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changed on the apparatus. The beaker (C) should contain saturated 
potassium chloride solution. The indicator electrode for any particular 
titration is made up like the platinum electrode of the calomel cell and is 
supported by (F) in the same way as the salt bridge. The binding post of 
this electrode is connected to one of the binding posts (K). If a bi-metallic 
electrode system is being used the salt bridge is removed and the second 
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electrode is wired to the other binding post (K). Wires from the po- 
tentiometer are fastened to the binding posts (L) and the switch (A) en- 
ables one to reverse these connections if necessary. 

An indicator electrode of platinum permits oxidation-reduction titra- 
tions to be made and in connection with quinhydrone can be used to carry 
out neutralizations. An assortment of other electrodes such as antimony, 
tungsten, silver, nickel, etc., made up like the platinum one, but with a long 
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piece of the metal projecting from the constricted end of the glass tube 
instead of being sealed in, furnish permanent means of performing any 
kind of potentiometric titration. If the solution to be titrated must be 
heated the apparatus is placed on a tripod or other support to bring it on a 
level with the beaker containing the solution. When not in use the ends 
of the salt bridges should be kept dipped into potassium chloride solution to 
prevent evaporation of the liquid in the bridges and consequent drying out 


of the filter paper plugs. 
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DEVICE FOR THE SIMULTANEOUS OBSERVATION OF MELTING 
POINT AND TEMPERATURE 


EUGENE W. BLAnk, 241 N. NintH STREET, ALLENTOWN, PENNSYLVANIA 


The advantage of using a microscope for fl 
the simultaneous determination of melting 

point and temperature by means of a hot 
stage and camera lucida! can be obtained 
when using a Thiele tube by utilizing two 
right-angled prisms. Details of the arrange- 
ment of the apparatus are shown in Fig- 
urel. The device should work admirably on 
an electrically heated melting-point tube,’ 
although the writer has used it only with a 
flame-heated tube. 

The upper prism is turned 45° in respect 
to the lower one. The prisms are mounted 
in clips made from sheet brass and the upper 
prism is so arranged as to be capable of sliding 
up or down the thermometer to which it is 
clipped. 

By using this device no observational error 
is introduced into a determination due to the 
time required for the eye to leave the melting- 
point tube and pick up the temperature read- 
ing on the thermometer. For this reason it pe oie! 
is possible to raise the temperature of the 
bath more rapidly and materially reduce the 
time required for a determination. 


1 CHAMOT AND Mason, “Handbook of Chemi- 
cal Microscopy,” Vol. 1, John Wiley & Sons, Inc., 
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FIGURE 1 
A strong beam of light left 


New York City, 1930, p. 202. : ‘ eT 
‘ . _ oblique to the page is directed 
s SANDO, Ind. Eng. Chem., Anal. Ed., x 65 poses the thermometer and the 
(1931). eye melting-point tube. 








DOCTORATES IN CHEMISTRY AND RELATED FIELDS 
CONFERRED BY AMERICAN UNIVERSITIES, 1931-32 


CoMPILED BY CLARENCE J. WEST AND CALLIE HULL, RESEARCH INFORMATION SERVICE, 
NATIONAL RESEARCH COUNCIL, WASHINGTON, D. C. 


The Research Information Service of the National Research Council 
again offers the following statistics concerning the doctorates in chemistry 
and related fields conferred by American universities during the academic 
year 1931-32. This is the eighth year in which this compilation has 
been made; previous lists have been published in the JOURNAL OF CHEMI- 
CAL EpucaTION, 3, 77-99 (Jan., 1926); 4, 99-109 (Jan., 1927); 4, 1303-13 
(Oct., 1927); 5, 1450-63 (Nov., 1928); 6, 2209-23 (Dec., 1929); 7, 2966-82 
(Dec., 1930); 8, 2259-78 (Nov.,- 1931). 

In this compilation the doctorates granted by the universities in agri- 
cultural chemistry, biochemistry, engineering, and metallurgy have been 
listed under the separate headings but are included in the totals by uni- 
versity in the statistical tables. In selecting the titles to be included, those 
doctorates have been used, which, if published, would probably be ab- 
stracted in Chemical Abstracts. Attention is again called to the fact that 
the compilers have only the title of the thesis and, in most instances, the 
department in which the doctorate was granted, to aid them in the subject 
classification. It is not always possible to classify correctly from this in- 
formation which may account for the inclusion or the omission of a given 
thesis. Corrections and suggestions as to this publication are always ap- 
preciated. 

There are nineteen universities which report ten or more doctorates in 
chemistry and related subjects during the past academic year, the same 
number as last year. This year Chicago and Wisconsin tie for first place, 
each having granted 44 doctorates; Columbia and Iowa State tie for 
second place with 30 doctorates each, with Johns Hopkins a close third with 
29 doctorates. The places of New York, Stanford, and Maryland are taken 
by Pittsburgh, Princeton, and Pennsylvania. In this connection it must be 
remembered that an examination of the dissertations probably would make 
a difference in this table, since some of the titles of doctorates give no clue 
as to their contents. It is also true that some of the doctorates granted in 
physics might properly be included in this list, with as much justification 
as we now include some of the doctorates in biochemistry. The order given 
above is, therefore, relative only but it still is an indication of the amount 
of graduate study being carried on at these institutions. 

Information concerning all the doctorates granted in the sciences (1241 
for the year 1931-32) will appear in a forthcoming number of the Re- 
print and Circular Series of the National Research Council (No. 104), 
copies of which may be obtained from the Publication Office. 
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TABLE I—Continued 





Institution '23-'24 '24-'25 '25-'26 '26-'27 '27-'28 '28-'29 '29-'30 '30-'31 '31-'32 
State Coll. Wash.......... re i as e Re a As 1 
Syracuse. . e sg és se 2 | is 2 1 - 
LO a ee 1 1 
Tulane...... : fs ae Se ote l By: 
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Washington... andes 1 2 Sd l 1 4 b. 3 7 
Western Reserve... $i a S; ne nS si 3 8 5 
Wisconsin... . ae 21 26 24 16 25 31 27 38 44 
ON Aer ee 8 16 18 12 19 19 24 25 20 

TOTAL.. cove 9208 265 287 270. 812 350 305 446 ae 
TABLE II 
Universities Granting 10 or More Doctorates in Chemistry, 1931 32 

Institution °23-'24 '24-'25 '25-'26 '26-"27 '27-'28 '28-’29 ’29-’30 '30-'31 '31-'32 
Chicago 19 14 26 21 19 24 37 22 44 
Wisconsin. . Se oacats i 21 26 24 16 25 31 27 38 44 
Columbia. . 35 30 34 28 23 25 18 26 30 
Iowa State...... naga 4 7 8 f 13 13 12 24 30 
Johns Hopkins...... ree 12 10 19 15 17 21 21 16 29 
Olio State... ccc cee cees 14 23 11 15 11 19 22 39 27 
OS ee eee ree 19 18 18 11 16 16 24 25 24 
Minnesota............... 9 8 8 8 15 15 16 17 23 
i ar 19 14 12 16 21 15 15 26 22 
Mass. Inst. Tech......... 11 17 8 6 t 11 12 13 20 
MEE e Seenidis oh oiy.k «<6 Sisie 8 16 18 12 19 19 24 25 20 
Harvard........... weve 18 13 10 11 8 7 8 12 19 
NR eh ys hancloita ns ietaw,s 3 6 10 9 16 13 12 16 19 
CCL 11 2 13 8 8 13 15 11 15 
co: 5 7 3 10 9 yi 11 6 15 
California............... 6 8 7 16 9 13 15 13 14 
Peimecston. 6... os os 8 4 4 4 8 a 5 2 12 
Pennsylvania............ 4 1 § 7 3 3 7 7 11 
feo 2 4 4 3 a“ 8 4 10 10 


CHEMISTRY 


American University 


DoNnALD HUBBARD, ‘‘Membrane Equilibria in Photographic Emulsions.” 


Brown University 


Pau BeEH-NIEN BIEN, ‘“‘The Conductance of Some Binary andTernary Electrolytes 
in Liquid Ammonia.”” RAYMOND MATTEEW Fvoss, “Influence of the Solvent Medium 
on the Conductance of Electrolytes.” EpMUND’ GRANT JOHNSON, “Further Studies 
on the Conductivity of Anions.’”” HENDRICK ROMEYN, JR., “Photochemistry of Ger- 
mane. Some Comparisons with Ammonia.” RAYMOND ARTHUR VINGEE, ‘“Adapta- 
tion of the Cryoscopic Method to Non-Aqueous Solutions at Low Concentrations and 
Some Results.” 
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California, University of 


Norton ELLSwoRTH BERRY, ‘‘Transition Probabilities and Quenching in the 3P 
State of Sodium.’”’ JAMES OLIVER CLAyTON, ‘“‘The Entropies of Carbon Monoxide 
and Nitrogen from the Third Law of Thermodynamics and from Spectroscopic Data.” 
RicHARD MorTON CONE, “X-Ray Diffraction Studies on Crystalline Boron.’”’ FREDER- 
ick LyrH Hupson, ‘The Photostationary States of Certain Geometrically Isomeric 
Acids.””. RoNALD Tom MacponaLp, ‘“‘The Effect of Foreign Gases upon the Relative 
Intensities of the Mercury Triplet 2°S;-2*Po. under Conditions of Optical Excitation.” 
BENJAMIN MakoweR, “The Oxidation of Hydrogen Peroxide in Aqueous Solutions: I. 
The Rate of the Reaction between Hydrogen Peroxide and Chlorine in the Presence of 
Hydrochloric Acid. II. The Rate of Reaction between Hydrogen Peroxide and 
Hypochlorous Acid.’”’ Purtre Francis Means, ‘““The Absorption of Thermal Energy 
in the Solid State. The Heat Capacities of Aluminum, Copper, Silver and Lead.” 
SapaIcHI Miyamoto, “‘Transference and Conductivity Studies on Solutions of Certain 
Proteins and Amino Acids with Special Reference to the Formation of Complex Ions 
between the Alkaline Earth Elements and Certain Proteins.” Marion DOWNEY 
TAyLor, “Heat Capacities in Aqueous Solutions: JIodic Acid and Potassium Jodate, 
Sulfuric Acid and Potassium Acid Sulfate’’ Davio Lours Yasrorr, “The Nitration of 
Phenylacetic Acid.’”, HERBERT A. YounG, ‘‘The Autocatalytic Reduction of Bromate 


Ion by Hydrogen Peroxide.’ 
California Institute of Technology 


W. M. BLEAKNEY, “Some Measurements of the Vapor Viscosities of the Two Com- 
mon Pentanes, Two Pentenes and Carbon Tetrachloride.” PHmie D. Brass, 
“Measurements on Rates of Reaction and Chemical Equilibria.’’ J. L. Hoarp, ‘‘The 
Crystal Structure of Potassium Silver Cyanide. An X-Ray Examination of the 12- 
Molybdophosphates and Related Compounds. The Crystal Structure of Cadmium 
Chloride.” JoHn A. LEERMAKERS, “The Thermal Decomposition of Dimethyltriazene. 
The Gas Phase Equilibrium between Methyl Nitrite, Hydrogen Chloride, Methyl 
Alcohol and Nitrosyl Chloride. The Chlorine Photosensitized Oxidation of Tetra- 
chloroethylene.”” Pui G. Murpock, “The Activity of Hydrochloric Acid in the 
Presence of a Unibivalent Salt. The Dissociation Constant of Bromine Chloride at 
Room Temperature. A Method of Deriving Photochemical Reaction Mechanisms of 
Certain Types from Observed Reaction Rates.”” JACK SHERMAN, ‘‘The Calculation of 
Atomic Scattering Factors. The Crystal Structure of the Micas.’”” Guy WADDINGTON, 
“The Kinetics of the Thermal Decomposition of Trichloromethyl Chloroformate. The 
Interpretation of the Thermal Decomposition of Nitrous Oxide. The Thermal Chlorina- 


tion of Chloroform.” 


’ 


Catholic University 


SISTER Mary GRACE WarING, “The Preparation and Study of 7,7’-Dimethyl- 
8,8’-Diquinolyl, 6,6’-Dinitro-2,2’,4,4’-Tetramethyldiphenyl,6,6’-Diamino-2,2’,4,4’-Tetra- 
methyldiphenyl and 5,5’,7,7’-Tetramethyl-8,8’-Diquinolyl.”’ 


Chicago, University of 


GEORGE WASHINGTON AYERS, JR., “The Pinacol-Pinacolone Rearrangement: 
The Rearrangement of Tetramethylethylene Halohydrins.” Norvm Breman, “Emul- 
sions: Theory, Stability, and Distribution of Sizes.” Mary ADELINE BLOopGoop, 
“A Study of Addition of Halogen Acids to Unsaturated Compounds.”’ ANTON BEHME 


Bure, “An Efficient New Method of Preparing Diborane: New Reactions for Preparing 
Bromodiborane and the Stabler Pentaborane, BsHs.’’ JoHN BENJAMIN CLOKE, “TI. 
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The Formation of Pyrrolines from y-Chloropropyl- and Cyclopropyl-ketimines. II. 
A Study of the Relationship between the Structures of Cyclopropyl-Ketimines, Their 
Stabilities in Water and Their Strength as Bases.”” ByRoN EMANUEL CoN, ‘The 
Thermoluminescence in Glasses.” ETHEL VERA EVERETT, “The Effect of a Strong 
Magnetic Field on the Electrode Potentials of Iron and Nickel.’”?’ Wr_Lt1s LAMBERT 
GROENIER, ‘The Heats of Dilution of Sulfuric Acid Solutions.”” WaALTER SicmMuND 
GUTHMANN, “I. Molecular Rearrangement of N-Triphenylmethyl O-Alkyl Hydroxyl- 
amines. II. The Interaction of Ether and Phosphorus Pentachloride.” Josrpu 
GrorGE HARWELL, “Line Spectrum of Samarium Ion in the Crystal State and Its 
Variation with Temperature.’’ MARGARET HERRMAN, “Studies of Conjugated Sys- 
tems.” DorotHy Heyworth, “The Crystal Structure of Arsenic Triiodide, AsI;.” 
Joun James HorrMan, “The Theory of Substitution in Benzene Derivatives; The 
Action of Nitrous Acid on Phenolic Ethers.’’ RosaLinp AMELIA Kiaas, ‘The Ci 
Saccharinic Acids. VIII. Further Attempts to Prepare 2,2’-Dihydroxyisobutyric 
Acid. 2,3-Dihydroxybutyric Lactone from Glycidol. The Preparation of the Two 
Iodohydrins of Glycerol.” EpmuNnp LrEroy Linn, “A Thermodynamic Study of 
Aqueous Cadmium Chloride Solutions.” JoHN RusH Marcuett, ‘Studies in the 
Electronegativity of Atomic Groups.” FRANK REA Mayo, “The Addition of Hydrogen 
Bromide to Allyl Bromide.” Bruce Jones Miiuer, ‘A Study of the Mode of At- 
tachment of Magnesium in Chlorophyll.” GLEN Henry Morey, “I. Equilibrium in 
the System, Germanium—Ammonia-Germanic Nitride-Hydrogen. The Dissociation 
of Germanic Nitride. II. The Preparation of GermanousImide. III. The Chlorina- 
tion of Germanium Tetraethyl.”” Francis MILTON PARKER, “I. The Biuret Reaction 
of Peptides and Related Compounds in the Glycine Series. II. The Biuret Reaction 
of Succinimide: The Isolation of Barium Copper Succinimide.’? JAMES BAYARD 
Parsons, “The Preparation and Study of the Halides and a Nitride of Gallium.” 
SPENCER GORDON STOLTZ, ‘“‘Molecular Rearrangements of Alkylarylmethylamine De- 
rivatives.’”” Morris FRANK StTuBss, “Studies in the System, Calcium, Calcium Hydride, 
Hydrogen.” NANNIE VIRGINIA THORTON, “Some Reactions of Dichlorodifluoro- 
methane and of Chlorotrifluoromethane.’”’ Liu SHENG Ts’aI, “I. The Photochemical 
Polymerization of Cyanogen. II. The Diffusion of He, Ne, A, and O2 and Ne through 
Quartz Glass.’”” DoNALp ALBIN WALLACE, ‘“‘A Ray Track Apparatus for the Study of 
Alpha, Beta and Cosmic Rays.” GrorGE ELLIOTT ZIEGLER, “Crystal Structure of 
Sodium Nitrite, NaNO>.” 
Cincinnati, University. of 

RayMonD GERWE, ‘“‘The Photochemical Oxidation of Formic Acid by Ferric Sul- 
fate.’ EpwARD TERHUNE JOHNSON, ‘‘The Surface Tension Relationships of Litho- 
graphic Inks and Waters.”” CARL JosEPH Opp, “‘A Study of the Application of Scientific 


Methods to the Testing of Lithographic Inks.’”” CHARLES R. Wimmer, “The Reduction 
of Benzal Chloride by Sodium in Liquid Ammonia Solution.” 


Colorado, University of 


VAUGHN WILBUR FLv0Tz, ‘‘A Study of the Action of Chloral on a Series of Grignard 
Reagents.””’ AuGuUSTUS SHERRILL HouGurTon, “The Oxidation of Methyl Ethyl Ketone 
to Diacetyl.” JEssE EARL SELLERS, “The Optical-Crystallographic Identification of 
Strychnine.” 

Columbia University 
Mary IRENE Barney, “A Study of the Gelation of Frozen Egg Magma.” CHARLES 


ALEXANDER BRADLEY, JR., ‘““The Smekal-Raman Spectra and Vibrations of Some 
Pentatomic Molecules.” ALDEN JoHNSON Deyrup, “‘A Series of Simple Basic Indica- 
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tors and Its Application to Some Very Strongly Acid Systems.” Lotr1 JUNE GREIFF, 
“The Influence of the Higher Terms in the Debye-Hiickel Theory in the Case of Un- 
symmetric Valence Type Electrolytes.” HELEN GERTRUDE HustTeED, “Preparation of 
New Benzothiazoles. Pharmacological Action of Benzothiazole and of Some Deriva- 
tives.’ HELEN JoHNSTON, ‘The Absorption Spectrum of Chlorine Dioxide.” JEssIca 
PENDLETON LELAND, “A Method for the Determination of Thyroxin in the Thyroid.”’ 
Davi Lirscuitz, ‘‘A Study of the Hydrolysis of Corn Starch.’”” ARTHUR EDWARD 
Lorcu, “A Study of the Catalytic Properties of Bright Platinum and Iridium Deposits 
in the Activation of Hydrogen.’”? Everett Gooprich McDonoucH, “Investigations in 
the Autoxidation of Aldehydes Used in Perfumery.’”’ ELIZABETH TRAVERS PALMER, 
“A Comparative Study of Invertase Preparations from Different Sources.’’ WILBUR 
GrorGE Parks, ‘The Activity Coefficients and Heats of Transfer of Cadmium Sulfate 
from Electromotive Force Measurements at 25° and 0°C. Application of the Extended 
Theory of Debye and Hiickel.”” CampBELL ROBERTSON, “A Critical Study of Pre- 
cision Cryoscopy. The Freezing-Point Depressions of Potassium Cobalticyanide and 
Potassium Ferricyanide.’’ MANASSEH GrRAGos SEVAG, “Chemical Constitution and 
Color among the Columbia Yellow Group of Dyes. Synthesis of New Thiazole Dye 
Intermediates and Studies of Diaminothiosulfuric Acid.” RutTH THERESE SHERMAN, 
“A Study of the Fatty Acids Associated with the /-Amylose of Cornstarch.’’ DoNALD 
Batcu SumMERS, “Electrolytic Preparation of Salts of the Aldonic Acids.”” WILLIAM 
Smpson TAYLor, ‘‘Constitution and Color in the Thioflavine Group.” 


Cornell University 


Haro_p DwalInE ALLEN, “Lubricating Properties of Greases from Petroleum Oils.”’ 
RayMoND Pack ALLEN, ‘‘Experiments with a High-Temperature Ozonizer.’”” MAURICE 
OLIVER BAKER, ‘The Synthesis of 3-Furoic Acid.” FREDERICK ROLAND BEAN, “A 
Study of Substituted Aromatic Boric Acids.” JoHN CLEVELAND CoTHRAN, “A Study 
of Certain Compounds Containing Chains of Four Nitrogen Atoms.” RAYMOND 
CLIFFORD INGRAHAM, “The Electrolytic Deposition of Alloys.’”’ JOSEPH STANLEY KIRK, 
“Antiurease.’”’ DAVID SKINNER Morton, ‘The Polymorphism of Germanium Di- 
oxide.” WINTON IRVING PATNODE, “Gallium Triethyl.’”’ SARAH Louisa RipGway, 
“Phase Rule Studies on the Proteins. VI. Non-Aqueous Solutions.’”’ JESSE LEROY 
RIEBSOMER, ‘“‘An Examination of the Fatty Oil from Lycopodium Spores.” ASHLEY 
Rosey, “Studies on Sulfinic Acids and Sulfinates. The Reactions of 9-Fluorenylmag- 
nesium Bromide.” IRENE HANNAH SANBORN, “A Study of Glycine Anhydride.” 
EUGENE WARREN Scott, ‘The Rearrangement of the a-Furfuryl Group.” Davip 
TRUXTON WILBER, ‘The Crystal Structure and Chemical Constitution of Calcite and 
Aragonite.”’ 

Duke University 

Jacop Marinus ANTON DEBRUYNE, “The Dipole Moments of Some Organic 
Compounds.” HERMAN HENRY GELMANN, ‘Vapor Pressures of Certain Binary and 
Tertiary Solutions in Relation to Complex Formation.” ALVIN VELBERT METLER, 
“The System Potassium Oxalate, Zinc Oxalate, Water and the Oxalato-Zincate Ion.” 
RUDOLF JULIUS PRIEPKE, ‘‘Weston Cells with Buffered Electrolytes.” 


Fordham University 


ROLAND Mapes WHITTAKER, “A Study of the Preparation of 5-Bromofuroic Acid, 
2-Bromofuran and the Attempted Synthesis of Difurylearbinol.” 


George Washington University 


KENNETH Gross CLARK, “A Note on Some Conditions Affecting the Conversion of 
Ammonium Carbamate into Urea.” 
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Harvard University 


Sven ANDERS BagckstrOM, “The Equilibria in the System Bromine—Potassium 
Bromide—Water and the Normal Potential of Bromine.”” CHARLES LESTER BICKEL, 
“I. The Action of Organic Magnesium Compounds on a-Oxido Ketones. II. The 
Action of Organic Magnesium Compounds on Unsymmetrical 6-Diketones. III. A 
Pseudo Base of 3,4-Diphenyl-5-p-chlorobenzoylisoxazole.”” BENJAMIN CRENSHAW 
BRADSHAW, “Some Flectrochemical Properties of Potassium Chloride and Lithium 
Chloride Solutions.’”” JeEss—E Lunt BuLLock, ‘‘The Formation of Sodium Thiosulfate 
from the Oxidation of Sodium Sulfides by Means of an Aromatic Nitro Compound.” 
GustaF Harry CarRLson, ‘“‘Racemization.’”’ Bacon FreLo CnHow, ‘The Electrometric 
and Chemical Investigations of Free Radicals.’”” ScHUYLER MEDLOCK CHRISTIAN, 
“TI. Development of a Rational Fertilizer. II. Alternating-Current Polarization.” 
ALsopH HENRY Corwin, ‘Studies in the Pyrrole Series.’” MERRILL JAMES Dorcas, 
“The Atomic Weights of Arsenic and Meteoric and Terrestrial Cobalt and Nickel; 
and a Self-Integrating Actinometer.’’ JuLrus LYMAN Epwarp ERICKSON, “I. The 
Cleavage of §-Diketones. II. Bitriaryl Methyls.”” JosepH Horace FAUvLL, Jr, 
‘Equilibria and Electrometric Titrations Involving Halogens and Halide Ions.’’ Ep- 
WARD SMITH GILFILLAN, JR., “I. The Activity of Potassium in Dilute Potassium Amal- 
gams. II. The Activity of Sodium in Concentrated Sodium Amalgams. III. Potas- 
sium Triphenylmethyl as an Electrolyte.”” Cart JoSEPH KLEMME, ‘‘Synthesis of Phos- 
phamic Acids.” JoHN PuTNAM MArBLE, ‘‘The Atomic Weight of Phosphorus.”’ 
WitttaM Esty Mypans, “The Mechanism of Addition of Organic Magnesium Com- 
pounds to Certain Unsaturated Ketones.’”” ALWin Max PAPPENHEIMER, JR., “I. 
An Electrochemical Study of Hemoglobin and Related Compounds. II. Some 
Derivatives of Mesoporphyrin.’”? WILLIAM CAMPBELL Root, “I. Miscellaneous Studies 


of Density. II. The Volume of Salts in Aqueous Solution. III. The Quinhydrone 
Electrode. IV. The Deviation of Certain Gases from Boyle’s Law.” GEORGE 
WILLARD WHELAND, ‘‘A Study of Certain Organic Acids.’”’” WILLIAM ALBERT ZISMAN, 
“The Effect of Pressure on the Electrical Conductance of Salt Solutions in Water.” 


Illinois, University of 


DARRELL ALTHAUSEN, ‘“‘Rearrangements of Hexa-Substituted Acetylenic Ethanes.”’ 
CHARLES BRUNNER BECKER, “The Stereochemical Properties of 2,2’-Difluoro-6,6’- 
Dimethoxy-3,3’-Dicarboxydiphenyl.” ALFRED THEODORE BtLomguist, “A Study of 
Conjugated Unsaturated Hydrocarbons.’”” KENNETH EDWIN CorRIGAN, “I. Diffrac- 
tion Studies with X-Rays of Long Wave-Length. II. New Construction Features of 
X-Ray Tubes. III. The Application of X-Rays of High Intensity to the Study of 
Unstable and Changing Structures.’”” WiLL1aM LAWRENCE Falrtu, ‘‘Catalytic Partial 
Oxidation of Alcohols in the Vapor Phase.’’ CHARLES HAROLD FISHER, ‘‘Hindered 
a-Halo Ketones.”” DorotuHea Haas, ‘“‘The Transference Numbers of Some Rare Earth 
Ions.”” VERNAL RicHARD Harpy, ‘“‘Chemical Reactions in the Solid State. Prepara- 
tion of Alkaline Earth Metal and Magnesium Perchlorates. Reaction between Sulfur 
and Ammonium Perchlorate.” Wu1LLt1aM FoLrey Henry, ‘Physical Properties of Salt 
Vapors.”” Jupson Harry Hotioway, ‘‘The Synthesis of Benzaldehyde from Benzene 
and Carbon Monoxide under Pressure.’’ WILLIAM CHRISTIAN KLINGELHOEFER, JR., 
“Atomic Chlorine and Its Reactions.”” EDWARD MERRILL McManon, ‘‘A Comparison 
of the Methoxy] and Fluorine Groups in Their Influence on the Restriction of Rotation 
in o-Substituted Diphenyls.’”” RALPH EDWARD MeErntTs, ‘Observations on the Rare 
Earths: Preparation and Properties of Lanthanum Amalgam. Lanthanum Metal and 
Its Structure.’ Howarp EvereTT Munro, ‘“Tetraphenyldiphenylethinylethane.” 
DoNALD DvuRAND PErRceE, ‘‘The Separation of Columbium-and Tantalum and Other 
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Rare Elements.”” PAauL RUSSELL SHILDNECK, ‘‘Stereochemistry of Diphenylbenzenes. 
Preparation and Properties of Certain Brominated Dimesitylhydroquinones and Their 
Derivatives.’ ROGER WoLcott STrouGHTON, “The Stereoisomerism of 2,2’,6-Tri- 
substituted Diphenyls.’”” RoGER SPENCER SWEET, ‘‘The Reduction of Acetylenic 
Carbinols with Titanium Trichloride.’”’” Grorcze EpGArR Symons, ‘The Anaerobic 
Bacterial Hydrolysis of Carbohydrates.” EuGmENE HuRLBuT Wooprurr, ‘The 
Preparation and Resolution of 2,2’,4,4’-Tetracarboxy-6,6’-diphenyl-3,3’-dipyridyl.”’ 
Han CHING YuAN, “I. Stereoisomerism of Diphenyls. II. Salts of Diiodomethane- 
disulfonic Acid. III. Synthesis of 2-Mesityl-1,4-naphthoquinone and Its Deriva- 
tives.” 
Indiana University 


Rosert Darwin BuUve, ‘‘The Electrodeposition of Aluminum and Aluminum 
Alloys from Non-Aqueous Solutions.”” Wi_i_1am Lours Bricut, ‘Acidity in Non- 
Aqueous Solutions.”” CHARLES CHAPMAN SNow, ‘‘Factors Influencing the Stability of 
Diazo Chlorides.” FRANK JOHNSON WELCHER, ‘“‘A Thermodynamic Method for the 
Determination of the Dissociation Constants of Acids in Ethyl Alcohol.” 


Iowa, University of 


Hans P. ANDERSEN, ‘‘The Reaction of Zinc Alkyls with Chloroamines.’’ DaALLas 
SmitH Deprick, “‘A Study of the Effect of Dissolved Electrolytes on the Interfacial 
Tension of Oil-Water Systems.’’ WaLTER HENRY DuMKE, “The Dielectric Con- 
stants of Certain Acids in Benzene.’’ VERNON B. FLEHARTY, ‘‘The Determination 
of Oxidation-Reduction Potentials and the Heats of Reaction from Equilibrium Data.” 
LEONARD AUGUSTINE Forp, ‘‘The Determination of the State of Calcium in Gelatin 
Solutions.”” Mina FLORENCE GOEHRING, ‘‘Certain Reactions of Thioureas.”” Mum- 
DRED A. Hooper, ‘‘Some Physical Properties of Concentrated Aqueous Salt Solutions 
at 25°.” RupoLpH ANDREW Karces, ‘“‘The Preparation and Properties of Iodine 
Monochloride.’”?, ROBERT WILLIAM McLACHLAN, ‘‘Photometric Determination of 
the Solubility of Silver Chloride and of Mercurous Chloride.’”” JoHN EARL MILBEry, 
“Orientation in Certain Benzene Derivatives.”’ Harotp Sart Otcott, ‘‘The Un- 
saponifiable Lipoids of Lettuce.’”” GEORGE HENRY REED, ‘‘The Heat of Adsorption of 
Certain Organic Vapors on Charcoal at 25° and 50°.”” Lot#rop Smiru, ‘‘Electromotive 
Force and Free Energy Relationships in Aqueous Solutions of Potassium Sulfocyanate.”’ 
GEORGE PALMER WauGH, “‘A Study of the Structure of Ethyleneimines.’’ Otis MELVIN 
WEIGLE, ‘“‘Zinc in Water Supplies.””. JoHN C. ZIMMERMAN, “‘Synthesis and Behavior of 
Certain Mixed Ethers.” 

Iowa State College 


James Har Carter, “I. An X-Ray Investigation of the System Iron—Copper. 
II. A Study of the Corrosion of Galvanized Sheet Iron.’”’ Oris D. Coxe, “The Effect 
of Substitution on the Electron-Sharing Ability of the Two- and Three-Carbon Radi- 
cals.” WENDELL BURNHAM COOK, ‘‘Studies on the Sterilization of Solutions of Glucose 
and Sucrose.’””’ ROBERT Roy Coons, “Preparation of Per Acids and Their Salts.” 
Hsr Cu’ou Fane, “Study of the Utilization of Xylose.”” STaNToN AVERY HarkrIs, 
“Abnormal Reactions of Organometallic Compounds.’’ Amiot PRICHARD HEWLETT, 
“Furfural and Some of Its Derivatives.’”” MARGARET House Irwin, “Studies in 
Vitamin A Technic.”” CLARENCE H. RAYBURN, ‘Fermentation of Some Sugar Deriva- 
tives.’ HERMAN H. ScHOPMEYER, ‘‘The Production of Yeast-Growth Stimulants by 
the Growth of Molds on Various Media.””’ ANNE ELIZABETH WHITE, ‘‘Studies on the 
Structure of Chloraloses.’”” HARLEY A. WILHELM, “Band Spectra Produced by Certain 


Explosion Mixtures.”’ 
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Johns Hopkins University 


BENJAMIN WILSON ALLAN, “A Study of the Diffusion of Electrolytes in Gels,” 
RoBERT WILLIAM Carrns, “An X-Ray Investigation of the System Nickel—-Oxygen- 
Water.” FRANK O’NeEIL COCKERILLE, “Incipient Oxidation in Higher Aliphatic 
Hydrocarbons.” ELizABETH AYLOR CRIGLER, “Raman Effect in Liquids and in Liquid 
Mixtures.” Victor RicHarD Dertz, “Molecular Symmetry and the Vapor Pressures 
of Solid Benzene, Cyclohexene.’”” MuicHAEL SMYSER EBERT, “‘A Study of the System 
Acetaldehyde—Carbon Monoxide-Methane.’’ RAYMOND LORAINE GARNER, “A Study 
of Aliphatic Diazo Compounds with Particular Reference to the Synthesis and Re- 
arrangement Behavior of Triphenyldiazoethane, Triphenyldiazopropane and Several 
Related Substances.” KENNETH E, GLIDDEN, “A Study of Polarization Currents Due 
Solely to Changes in Electrode Area.’”” SAMUEL LEW1s GOLDHEIM, ‘‘Complex Com- 
pounds in Eder’s Solution.’”” THomMas LUTHER GRESHAM, “‘Some Isomeric Octanols.” 
WILTton Cope Harpen, ‘The Condensation of Phenols with Aliphatic Aldehydes.” 
EarL GLENDON INSLEY, “A Study of Certain Finely Divided Metals and a Method for 
Their Preparation.”” Wr_tt1aAM Norton Jones, Jr., “A Study on the Constitution of 
Some Sulfur Dyes.” Maurice E. Kraut, “The Dependence of Rate of Crystallization 
on Molecular Structure.’”’ LEpRA LAwToNn, ‘‘The Heat of Adsorption on Iron Prepared 
from Iron Amalgam.”” CLARENCE MorRRISON LOANE, “‘A Study of the Activity of Finely 
Divided Metals and Metallic Oxides.’”” EArt CHRISTIAN Lory, ‘‘Study of Some Metal 
Chromites.”” JANE Dick MEYER, ‘‘The Higher Alcohols and Their Physical Constants.” 
JouN SmitH REESE, IV, ‘“‘Orienting Influences in the Benzene Ring.”” JoHN RICHARD 
Ruuorr, “I. A Series of Dimethyl Amides. II. A Group of Isomeric Esters.” 
NATHANIEL BEVERLEY TUCKER, “Bifunctional Reactions of Dimercaptans Giving Cyclic 
and Polymeric Molecules.” FRED REMINGTON WHALEY, “The Preparation and 
Properties of Free Radicals.”” RicHARD Marks Wick, “The Analysis of Cyanide 
Silver-Plating Solutions.” 


Kansas, University of 


JosePpH Francis Deck, “Ring Syntheses by Use of Methylpseudothioureas.” 
IRWIN Bruce Dovc ass, “On Certain Reactions of Benzoyl and Furoy] Isothiocyanates 
and Their Derivatives.” VERNON Hoi, ‘‘Some Studies in the Transference of Ions 
in Anhydrous Acetic Acid Solutions.’”” HAro_p LORAINE KNOWLES, ‘‘Dielectric Con- 
stant of Ethyl Alcohol Vapor and Possible Effect of Conductivity.”” Lioyp E. Mam, 
“‘The Electrical Conductance of Gels and Its Bearing on the Problem of Gel Structure.” 


Massachusetts Institute of Technology 


James RoBERT Cok, Jr., “The Heat of Expansion of Gases against a Variable 
Pressure.”” ARTHUR CRESSWELL, ‘The Thermal Decomposition of Certain Ethers of 
Triphenylcarbinol and Certain Esters of Triphenylacetic Acid.’”’ JoHN MARSHALL 
GAINES, JR., “The Relation of the Platinum to the Absolute Temperature Scale between 
0° and 100°C.” Epmunp LEE GamBLE, “‘A Study of the Fluorides and Chlorofluorides 
of Silicon.”” HARroLp TrrRELL GErrY, “The Variations of the Chemical Potential in Gas 
Mixtures with Density and Composition.’”” HERBERT ANTHONY HUNTSINGER, “Inner 
Complex Copper Salts of the Oximes.”” JosEPH ARMAND MONIER, JR., ‘“The Reaction 
of Alcohols with Anhydrides of Certain Dibasic Acids.” LAWSON VERNON PEAKES, 
Jr., “Some Reactions of Triphenylmethyl and the Preparation of a Di-o-substituted 
Free Radical.’”’ SpENcER Scott PRENTIsS, “The Freezing Points of Aqueous Solutions 
of Some Nitrates and Some Ammonium Salts.’”? GEORGE PRINCE STANDLEY, “Pyrolysis 
Reactions of Certain Aliphatic Hydrocarbons.” JosEPH RUSSELL STEVENS, ‘‘Con- 
densations by Sodium Instead of by the Grignard Reaction.” HERBERT HENRY UBLIG, 
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“The Dependence of the Dielectric Constant of Gases on Temperature and Density.” 
Manty McDonatp Winpsor, ‘The Preparation and Properties of Certain Metal 
Carbonyls.” HARLAND Harry YOuNG, JR., “The Lability of the Carbon—Chlorine Bond 
in Certain Derivatives of Benzoyl Chloride.” 


Michigan, University of 


ERNEST GRINNELL ALmy, “‘An Investigation of Energy Relations at the Surface of 
Activated Silica Gel.”” Perry SALEM BRUNDAGE, “A Revision of the Atomic Weight 
of Silicon. A Determination Based upon the Ratio of Silicon Tetrachloride to Silicon 
Dioxide.’ Marion BRAXTON GEIGER, ‘‘The Quinonoid Structure of Some Organic 
Compounds.” LronaRD DANA Powers, ‘“‘Organic Arsenicals.’”’ ROBERT Ray RALs- 
Ton, ‘““The Electrolytic Oxidation of Iodine and of Iodic Acid.”” SamMuEL GOTTLIEB 
Trepp, “Quinonoidation of Triarylmethyl Halides.’”’” ALLAN DELMAS WOOLEY, 
“A Critical Study of Solid-Liquid-Air Contact Angles and Their Dependence upon the 
Surface Conditions of the Solid.” 


Michigan State College 


WINSTON FIELDS ALLEN, “The Preparation and Pyrolytic Molecular Rearrange- 
ment of the 8-Ethers of Caffeine and Their Conversion to 8-Methyl and 8-Ethylcaffeine.”’ 


Minnesota, University of 


WALLACE DaAvip ARMSTRONG, “Studies on Fluorine Analysis Materials.’”” HARroLp 
MONTGOMERY BARNETT, “Studies on Leucine and Dileucine Hydrochloride and the 
Development of a New Method for the Isolation of Leucine from Proteins.”” DoNaLp 
RoBERT BLUMER, ‘‘The Activities of Each Component of a Sulfuric Acid, Acetic Acid 
and Water System.’”’ OLIVER WILFRED Cass, ‘“‘Studies on the Polymethylbenzenes. 
I. The Separation of Isomeric Trimethylbenzenes. II. The Separation of the Iso- 
meric Tetramethylbenzenes. III. The Jacobson Reaction.” MonroE EpWaARD 
FREEMAN, “‘The Gums of the Cereal Grains.’”’ Orro GERHARD JENSEN, ‘Interfacial 
Energy and the Molecular Structure of Organic Compounds.” DoNovaNn ERB KVALNES, 
“The Oxidizing Power of a Series of Hydroquinone-Quinone Systems.’’ CHARLES 
Snoppy Myers, “Derivatives of Diiodotyrosine and Thyroxine.” MARTIN HENRY 
RoEPKE, ‘‘The Rate of Formation of the Active Reductants from Several Sugars.’’ 
CHARLES ROSENBLUM, “The Effect of Radon on the Carbon Monoxide Oxidation. 
The Catalytic Effect of Carbon Dioxide Formed.’”’ ERNEST BIRGER SANDELL, “A Study 
of Coprecipitation Phenomena in the Formation of Calcium Oxalate.’”’” GRANT WARREN 
Situ, “The Zeta Potential of Thin Metal Films.”” CiirFrorD JAMES ByRoN THOR, 
“The Effect of Alkalis upon Cystine.’””’ ROBERT VERNON YOuE, “The Polymerization 
of Some Unsaturated Hydrocarbons: A Study of the Catalytic Action of Aluminum 
Chloride.” Haro_p OLIVER WiLEs, ‘‘The Rotatory Dispersion of Gliadin Peptized 
by Different Solutions.” 


Missouri, University of 


JAMES ELMER WILDIsH, ‘“‘The Origin of Protoactinium Chemistry.” 


Nebraska, University of 


Witi1aM Dayton Macray, “The Condensation of 3-Nitro-4-Halogenophenylarsonic 
Acids with Aliphatic Amino Compounds and Phenols.” Howarp MAvRICE PARMELEE, 
“The Aldehyde Oxidation of Toluenearsonic Acids.”” WARREN H. STEINBACH, JR., 
“Studies on the Thermochemistry of Certain Carbohydrates in Alkaline Solution.” 
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: New York University 


GEORGE CALVIN Brous, ‘‘Chemical Decomposition by Electron Bombardment.” 
RayMonD LEROY GARMAN, ‘Mechanisms of Photochemical Reactions Sensitizing 
Uranyl Ion.” CHENG Linc Liv, ‘‘The Rate of Solution of Marble in Dilute Acids,” 
Joun Scott MacLennan, “The Condensation of Certain Methyl Ketones with Isatin 
by the Knoevenagel Method.” NELSON RICHARD TRENNER, “The Thermal Decom- 
position of Ethylmercaptan and Ethyl Sulfide.’”’ HrrBErt S. WILLSON, ‘“‘Ternary Sys- 
tems, Sodium Iodide—Potassium Iodide-Water and Sodium Iodide-Sodium Iodate- 
Water.” 

North Carolina, University of 


MILLER WabDE Conn, “The Preparation and Properties of Certain Thiophanes 
and Their Behavior in Hydrocarbon Solutions.” WiLtt1am JupsoN Matrox, ‘The 
Chlorination of 1,5-Dihydroxynaphthalene.”’ 


Northwestern University 


Louris KENNETH EILeErsS, ‘“‘The Effect of High Temperature upon Isobutylene and 
Other Saturated Hydrocarbons.””’ LEONARD SAMUEL Fospick, ‘‘The Electromotive 
Force Developed in Ether Solutions of Grignard Reagents.”” Haroi_p Louis HANSEN, 
“The Preparation and Study of Certain Alkyl Aryl Sulfides.”” Forrest DEAN Pr- 
GRIM, “Some Further Studies on the Thermal Decomposition of the Butanes.”’ 


Ohio State University 


THoMAS CHARLES CHADWICK, “‘A Study of the Preparation of Certain Secondary 
and Tertiary Alcohols by the Grignard Reaction.”” JoHN Epwarp Gran, “A Study of 
the Chain Hydrometer as a Practical Instrument for the Precise Measurement of the 
Densities of Liquids.” Roy Epwin Graves, “Studies on the Vapor Pressure of Or- 
ganic Crystals.”” WrsTON ANDREW Hark, ‘“‘The Viscosity and Collision Area of Several 
Organic Molecules.’”’ Luctan Francis Hunt, “The Crystal Structure of p-Dichloro- 
and p-Dibromobenzenes from X-Ray Analysis.” Epwarp Gipson Locke, ‘‘Fluorina- 
tion of Hexachloroethane and a Study of the Isomers of Dichlorodifluoroethylene.” 
JULIAN Maris Maviry, ‘‘Syntheses in the Octane Series.’”” RALPH MICHAEL MELAVEN, 
“The Collision Areas and Shapes of Carbon Chain Molecules in the Gaseous State, 
n-Heptane, u-Octane, m-Nonane.’”’ W1LL1AM MCLENNAN Morcan, “Carbonyl Addi- 
tion Compounds of Aldehyde-Galactose Pentaacetate.’”’ MILDRED RATLIFF NEWLIN, 
“The Synthesis of Aldehydo-Sugar Acetates.””. GEORGE THoMAS RANKIN, “A Study of 
the Dispersing Properties of Liquid Ammonia.” FRANK JOHN Sopay, “Nuclear 
Synthesis in the Olefin Series. IV. The Heptenes.”” MARGERY KATHERINE WALKER, 
“The Calculation of Thermodynamic Properties of Oxygen from Spectroscopic Data. 
The Raman Effect in Water Vapor”’ IGNATIUS JOHN WERNERT, “Synthesis and Reso- 
lution of B-Ethoxyamines.”’ 


Pennsylvania, University of 


HAROLD J. ABRAHAMS, ‘“‘Quantitative Separation of Germanium and Arsenic.” 
ELTON ROLAND ALLISON, ‘‘The Behavior of Germanium Tetrachloride and Related 
Chlorides, Especially Arsenious Chloride, with Concentrated Hydrochloric Acid.” 
CHARLES EMMANUEL GULEZIAN, “‘The Conductivity of Solutions of Sodium Biger- 
manate and of Several Allotropic Modifications of Germanic Oxide and a Determination 
of the Dissociation Constant of Germanic Acid.’”” CLARENCE CLIFTON KERNS, ‘‘The 
Electrolytic Reduction of Nitrobenzene to Azoxybenzene.”” JoHN GEORGE MILLER, 
“The Polymeric States and the Structures of Methylene-Aniline and Methylene-p- 
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Toluidine. The Condensation of Aniline and Acetaldehyde.’’ Louis Epwin WEIs- 
BECKER, ‘‘An Investigation of the Catalytic Vapor Phase Condensation of Acetaldehyde 
to Crotonaldehyde over Activated Aluminum Oxide and a Study of a Possible Method 
for the Continuous Preparation of Butanol from Ethanol.” 


Pennsylvania State College 


HAROLD CHATFIELD BEarRD, ‘‘Principles of Dyeing with Salt Dyes.’”’ ROBERT 
WALTER BEatTIE, ‘“‘Dichloronaphthalene, Chloroiodonaphthalenes and Related Com- 
pounds. Some Mercury Derivatives of Naphthalene.” Epwarp Erik DvunLay, 
“Mercuration of Anthraquinone.””’ WuiLL1am Lewis Evers, “A Study of Tertiary 
Alcohols.”” PAuL ADELBERT KRUEGER, ‘‘The Reversed Pinacolin Rearrangement.” 
WILLiz Forrest McCormick, “Conversion of Sulfur Dioxide to Sulfur Trioxide in the 
Presence of Vanadium Catalysts.”” MELVIN ALEXANDER THORPE, “‘Reactions of Iodine 
Monochloride with Organic Mercury Compounds.” 


Pittsburgh, University of 


ISADORE AmpUR, “‘The Temperature Coefficient of the Recombination Rate of 
Atomic Hydrogen.” Matruras Epwarp Haas, ‘“‘The Free Energy of Formation of 
Ethylene.” DonaLp TasH JACKSON, ‘Synthetic Glycerides.’””’ Davip EDWARD 
Levin, ‘Derivatives of Dihydroeugenol and Certain Pharmacological Properties of 
Some of These Compounds.”’ FEARING H. Morris, “The Separation and Fractionation 
of Paraffin Wax.” CrLaRoNn R. Payne, “A Study of the Composition of a Highly 
Cracked Gasoline before and after Heat-Treatment.’”’ CarL HENRY Rascu, “‘Electro- 
chemical Oxidation of Anthraquinone.””’ HERBERT EpwINn Rosrnson, “Synthetic 
Fatty Acid Glycerides.”” WiLL1AM ScHILLER, ‘‘A System of Inorganic Qualitative 
Micro-Analysis.” FREDERICK LAUDERBURN SMITH, 2nd, ‘‘Vitamin C Preparations 
from Lemon Juice.” JosEPH Lours SviRBELY, ‘‘A Study in the Preparation of Vitamin 
C Concentrates from Lemon Juice.” Cart ARTHUR WARDNER, ‘‘Nitration of m- 
Diphenylbenzene and Derivatives of Nitro-m-diphenylbenzene.” E. GURNEY WHITE, 
“The Electrochemical Oxidation of Naphthalene with a New Type of Electrode.” 
Guy Haywoop WHITE, JR., “The Electrolytic Oxidation of Leuco Bases of the Tri- 
phenylmethane Series of Dyestuffs.”’ 


Princeton University 


ALBERT BERNARD BOESE, JR., “A Study of the Action of Benzenediazonium 
Chloride, Nitrous Acid and Hypochlorous Acid on Certain o-Alkylhydroxylamines.”’ 
RALPH WILLIAM DorntTE, “Electric Moment and Molecular Structure. I. Tempera- 
ture Variation of the Electric Moment. II. Tertiary Butyl and Triphenylmethyl 
Chlorides and Alcohols. III. Double and Triple Bonds and Polarity in Aromatic 
Hydrocarbons.’’ GLADSTONE BERING Hersic, ‘““The Action of Radon on Some Un- 
saturated Hydrocarbons.”” WENDELL Forp JACKSON, “Studies of the Mechanism of 
Carbon Monoxide Oxidation.”” GEORGE ELBERT KIMBALL, ‘‘The Five Atom Problem 
in Quantum Mechanics and Its Application to the Hydrogen-Chlorine Reaction.” 
KENNETH BAKER MCALPINE, ‘“‘The Dielectric Constants of Certain Hydrocarbons in 
the Gaseous State.’ Paut Vincent McKinney, “Adsorption and Activation of Car- 
bon Monoxide at Palladium Surfaces.” Wui_L_tam Livincston RuicuH, “On Certain 
Carbazole and Pyrrole Derivatives. I. Rearrangements of Certain Pyrrole and 
Carbazole Derivatives. II. Carbazole Derivatives of Therapeutic Interest.’’ Dono 
VAN JosEPH SALLEY, ‘“‘Studies on the Photosensitized Reactions of Hydrogen and 
Oxygen.”” DARRELL VANCE SICKMAN, “Adsorption and Reactions at Surfaces of Zinc 
Oxide.” JoHn Hiccins WALLACE, JR., “Specific Heats of Organic Liquids.” 
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Purdue University 


2 
ALICE HazeL Haypen, “‘A Chemical Study of MaHuang.” 


Rochester, University of 


BERNHARD Ernst LANpow, ‘‘An Investigation of the Ammines of Calcium, Stron- 
tium, and Barium Perchlorates.””, Liyus MONTAGUE WEBB, ‘Methyl Alcoholates of 
Calcium Chloride and Bromide: Their Stability and Molecular Volume.” 


Stanford University 


FRANCIS EpwarD Biacet, ‘“‘The Photolysis of Acetaldehyde and Propionaldehyde 
in the Vapor Phase.”” JULIAN MACFaRLANE BLarr, “Heat as an Agent for the Produc. 
tion of the Latent Photographic Image.” GraHAM WALLACE Marks, “The Crystal 
Structure of Hexachlorobenzene.”” R1icHARD ANDREW OGG, JR., ‘“The Photochemistry 
of Ammonia.’”” Harry ERwin REDEKER, “The Detection of Traces of Impurities in 
Metals by Means of the Poulsen Arc.’”” Otro OLivE Watts, “The Structural Properties 
of Anisotropic Solutions of Soap.” 


Texas, University of 


BRADSHAW FREDERICK ARMENDT, ‘‘Hydroaromatic Bases in the Kerosene Distil- 
late of California Petroleum.” 


Virginia, University of 


LEONARD CHAPMAN DRAKE, “Absorption and Reaction in the System Silver- 
Oxygen.”’ ROBERT JOSEPH TAYLOR, “Studies on Methyl and Dimethyl Unsaturated 
1,4-Dicarbonyl Compounds.” 


Washington, University of 


Bert EINAR CHRISTENSEN, “Hydrogenation of American Coals.’”’ Lacry HEIn7T2- 
MAN Evans, “The Distribution of Nitrite and Nitrate Nitrogen and Iodine in the 
Strait of Juan de Fuca and Adjoining Waters and Improvements in the Method for the 
Determination of Iodine.”” Krrpy ERrRo_t Jackson, ‘Certain Studies in Qualitative 
Organic Analysis.’ Mavup RutH Ricker, “The Systems Strontium Oxide—Arsenic 
Pentoxide—Water and Lead Oxide—Arsenic Pentoxide—-Water at 25° (Acid Region) anda 
Basic Strontium Arsenate.”” JAMES ALONZO TayLor, “Problems in Froth Flotation of 


Coal.”” CALVERT CHARLES WRIGHT, “Hydrogenation of American Coals.” 
\ 
Western Reserve University 


‘ Purr X. SHARNoFF, ‘‘The Condensation of o-Aminothiophenols with Aldehydes 
and Ketones. Benzothiazoles and Benzothiazolines. The Hofmann Synthesis of 
Amines in Non-Polar Solvents.” JoHN CoLBERT Sirus, ‘The Conductivity of Various 
Salts in Propyl and Isopropyl Alcohols.”’ 


Wisconsin, University of 


GEORGE WASHINGTON BATCHELDER, ‘“‘Hydrolytic Absorption on Inorganic Pre- 
cipitates and Its Use as a Basis for Quantitative Analysis.’”’ RALPH ALEXANDER 
Connor, ‘‘The Hydrogenolysis of Organic Compounds.” ERNEST Davin Coon, 
“Thermochemical Measurements of Slow Reactions with a New Isothermal Calorime- 
ter.”” Pxitip Lesiie Coon, ‘‘The Use of Slightly Alkaline Solvents in the Separation 
of Arsenic from Antimony.” ARTHUR CLay CopEk, “The Synthesis of Local Anesthetics 
Containing Various Phenylalkyl Groups; Vinylethylmalonic Ester and the Cleavage 
of Certain Substituted Malonic Esters with Sodium Ethoxide.’”’ Lioyp WESLEY 
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Covert, ‘Competitive Hydrogenations.”” Pau CiirForD Cross, ‘‘Chemical Aspects 
of Infra-Red Absorption Spectra.”” GLENN HERBERT Damon, “A Quantitative Study of 
the Photochemical Decomposition of Acetone.” RALPH URBAN GoopiNc, “‘A Study 
of the Catalytic Decomposition of Hydrogen Peroxide by Cadmium Iodide.” ALEx- 
ANDER HOLLAENDER, ‘‘An Experimental Study of the Raman Effect in Water Solutions.” 
Ray CLtypE Hovurz, ‘‘Ozonide and Peroxide Catalysis of Polymerization.”” ROBERT 
NeviLL ISBELL, ‘‘Relation of Constitution to Chemical Reactivity in the Alcoholysis 
and Hydrolysis of Certain Diacyl Succinic and Glutaric Esters.””’ GEORGE OLAF 
Jounson, “A Study of the Grignard Reaction and the Effect of Added Substances.”’ 
MarVIN Joyce JOHNSON, ‘Studies on the Mechanism of the Acetone-Butyl Alcohol 
Fermentation.”” Nets Minnk, ‘The Structure of Reactants and the Extent of Acetal 
Formation.’”” ALEXANDER JOHN ScHwarz, ‘“‘A Pharmacognostic Study of Digitalis 
purpurea, L.’’ JOSEPH SEMB, “I. A Study of the Relationship of the Concentration 
of the Reactants to the Extent of the Reactions of Certain Alcohols and Aldehydes. II. 
The Reaction of Certain Alkyl Bromides with Piperidine.’”’ JoHN Morpuy SNELL, 
“The Reaction of Aliphatic Esters with Sodium.”” MARSHALL ROSEBORO SPRINKLE, 
“Acidity Studies in the Solvents: Water, Ethyl Alcohol, and Glacial Acetic Acid.”’ 
FranK MorGAN STRONG, “Local Anesthetics Derived from the Reduction Products of 
B-Pyridyl Methyl Ketone.’”’ Witt1AM BENJAMIN TuHoma~s, “‘A Study of the Aceto- 
acetic Ester Condensation as Applied to Certain Amino Esters.”” Etvin LEONIDAS 
VERNON, “I. Kinetics of the Thermal Dissociation of Ethyl Bromide. II. Vis- 
cosity of Dilute Solutions of Strong Electrolytes. III. Dispersion of Dielectric 
Constants of Dilute Solutions of Strong Electrolytes.’”” CoNnrap RAYMOND WALDE- 
LAND, “Hydrogenation of Certain Diphenyl Compounds.’ CLARENCE HERMAN 
Winnine, “The Sorption of Organic Vapors by Syptal Resins.” 


Yale University 


EUGENE RUSSELL BROWNSCOMBE, “‘The Effect of Pressure on the Visible Spectra 
of Nitrogen, Oxygen, Hydrogen, and Methane.’”’” Harry RoLLAson Copson, “The 
Temperature Coefficient of Dissociation of Water in Aqueous Lithium Chloride Solu- 
tions.” RUSSELL WILLIAM EHLERS, ‘‘The Effect of Temperature on the Dissociation 
Constant of Acetic Acid.’”” WALTER JAY Hamer, “‘The Ionic Activity Coefficients and 
Dissociation of Water in Aqueous Halide Solutions.’”” KATHERINE May Harine, “A 
Synthesis of Glucosido Ureides.””, ALFRED GARRETT HILL, ‘‘Catalytic Influences in the 
Vapor Phase Alkylation of Aromatic Amines.” JOHN CARPENTER HILLYER, ‘‘Some 
Amino Derivatives of Phenanthrene.’’ GEORGE EGBERT HULSE, JR., ‘Investigation of 
the Cross-Sectional Area of Organic Molecules by Surface Phenomena.’”’ CLIFFORD 
GEIGER LUDEMAN, “Preliminary Investigation of the Naphthenic Acids from South 
Texas Petroleum.’’ CHARLES MorGAN Mason, “The Thermodynamic Properties of 
Barium Hydroxide in Water and in Aqueous Barium Chloride Solutions at 25°.” 
MELVIN SPENCER NEWMAN, “The Lipoids of Yeast.” SISTER ALBERIC RUNDE, “The 
Synthesis of Some Homologues and Analogues of Cinchophen.’”” SrymMouR Davip 
SILVER, “Some Furane Substituted Hydantoins of the Nirvanol Type.” 


AGRICULTURAL CHEMISTRY 


Cornell University 


LrEsLiz Epwarp D115, “‘A Study of Some Fatty Acids and Their Potassium Soaps 
as Contact Insecticides.”” Burca Hart SCHNEIDER, ‘““The Comparative Efficiency of 
the Proteins of Several Fish Meals.”” WaLLAce CAMPBELL STILES, “Protein and Other 
Nutrients Required by Fattening Cattle.” 
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Iowa State University 


2 
Mark H. Brown, “Some Chemical and Biological Effects of Cyanamide and 
Certain Other Nitrogen Fertilizers on Various Iowa Soils.” RALPH VicToR Hussone, 
“The Relationships of a Lipolytic Organism to Rancidity of Butter.” Roy MeEtviy, 
‘Physiological Studies on the Effect of Flies and Fly Sprays on Cattle.’’ Francis 
N. Mortenson, “The Digestibility of Milk in vivo, as Affected by Certain Physical 
Treatments.”” JoHN ALBERT NELSON, ‘‘The Correlation between the Orgathisms Found 
Microscopically and the Bacterial Deterioration of Butter.” SAMUEL SHOCKLEY 
OBENSHAIN, “The Available Phosphatic Content of Soils and Some Factors Affecting 
It.””. Harotp Cecir OLson, “The Microflora of Churns and Its Importance in the De- 
terioration of Butter.” OLIver E. OVERSETH, ‘‘Movement of Fertilizers in Carrington 
Loam.”’ FRED E. WHITEHEAD, ‘‘The Effect of Arsenic, as Used in the Control of Grass. 
hoppers, upon Birds.’’ ARTHUR WESLEY YOUNG, “‘The Winogradsky Spontaneous 
Culture Method for Determining Certain Soil Deficiencies.”’ 


Michigan State College 


RALPH CHASE COLE, ‘“‘Some Effects of Different Fertilizer Treatments on the 
Diurnal and Seasonal Changes in the Sugar Content of the Sap and Tissue of Potato 
Plants.”’ 

Minnesota, University of 


STUART JAMES ROBERT Dunvw, ‘‘The Relation of Hydrophilic Colloids to Hardiness 
in Cabbage, Brussel Sprouts, and Alfalfa Plants as Shown by the Dye Absorption Test.” 


Nebraska, University of 


RONALD CLYDE HUGHES, “‘Progressive Changes in pH, Acidity, and Alcohol Con- 
centration Produced by Prolonged Yeast Fermentation in Bread Dough by Varying 
the Initial Sugar Content.” 


Ohio State University 


Harry FREpDERIC Dietz, ‘‘A Study of Shale Oil as a Contact Insecticide: A Con- 
tribution to the Search for Nicotine Substitutes.’’ W1L1AM HaRoLD METZGER, 
“The Relative Efficiency of Precipitated, Burned, and Natural Forms of Liming Ma- 
terials as Measured by Their Rates of Reaction with Acid Soils and Their Influence on 
Crop Yields.” 

Pennsylvania State College 


KENNETH GORDON LANDSBURG, ‘“‘A Study of Rickets in Calves: The Antirachitic 
Potency of Dehydrated Hays, Sun-Cured Hays, and Oat Straw.” CHARLES C. WALTS, 
“A Study of Some of the Physical and Chemical Factors Involved in the Whipping 
Properties of Reconstructed Ice Cream Mixes.” 


Rutgers University 


ROBERT C. BURDETTE, “I. Some of the Principles Governing the Production and 
the Relation of Air-Floated Oil Particles to the Toxicity of Contact Oil Sprays to In- 
sects. II. The Effect of Tale on the Oviposition of a Trupetid (Spilographa electa 
Say). III. Principles Involved in the Successful Use of Inert Dusts for Insect Con- 
trol.” 

Epwarp E. Evaut, “Studies on the Effect of Mercury on the Soil Flora, with 
Particular Reference to Actinomyces Sp.’’ Jackson B. HeEsSTER, ‘“‘The Amphoteric 
Behavior of Three Soil Types and Its Effects upon the Growth of Wheat Seedlings.” 
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Percy W. Moore, “‘An Odorless Insect Repellent and Its Use in Commercial Mix- 


tures.’ KENNETH R. STEVENS, ‘Studies on the Nature and Origin of Soil Humus.” 


Wisconsin, University of 


Mason HERBERT CAMPBELL, “‘A Study of the Fat-Globule Size in Milk.” RoLanp 
Cowart, “Some Effects of Soluble Sodium Salts upon the Physical and Chemical 
Properties of the Soil.” Haro_p Haicutr Hutt, “Lime Requirements of Alfalfa on 
Wisconsin Soils.’ CHARLES Hot Kick, ‘'The Specific Effect of Fluorine in the 
Rations for Farm Animals.”” ALFRED LEAHEY, ‘‘A Study of the Inorganic Phosphorus 
Compounds of the Soil.’’ Norma James VOLK, ‘‘The Nature of Potash Fixation in 
Soils and the Isolation and Identification of a Potash Silicate Formed.” 


BIOCHEMISTRY 


Brown University 


MERRILL WALLACE CHASE, “Further Studies on the Liberation of Toxins from 
Salmonella schottmulleri Principally by Repeated Freezings and Thawings.” JANET 
LecGaT JOHNSTON, ‘‘Some Effects of Potassium Cyanide upon the Brush Border and 
Batonnet Segments of the Kidney of the Frog, Rana pipiens, Schreber.”” ROBERT 
MERRETT PIKE, ‘‘Toxic Substances Produced by Staphylococci Grown on Solid Media 
with Special Reference to the Depression of Phagocytosis by Staphylococcus Filtrates.”’ 


Bryn Mawr 


KATHARINE ROSETTA JEFFERS, “‘Staining Reactions of Protoplasm and Its Formed 
Components.”’ 
California, University of 


Haro_tp LESLIE Cosy, ‘‘The Course of Nutrient Salt Absorption and Elemental 
Starvation in French Prune Trees Grown in Water-Culture in the Greenhouse.’”’ FRAN- 
cis Busy Lincoin, ‘“‘Some Aspects of the Attenuation of Nitrogen in Mature Pear 
Leaves.”” CLAUDE E. ZoBELL, ‘“‘Cultural Requirements and Metabolism of the Brucella 
Group.” 

Chicago, University of 


Bropa Otto BaRNES, ‘‘The Physiological Activity of Iodine in Thyroglobulin.” 
ROBERT WESLEY Bates, “Studies on the Trypsinogen, Enterokinase and Trypsin 
System.”” Wu.t1aAm Burrows, ‘“‘The Nutritional Requirements of Clostridium botuli- 
num.” TsuNG Han CHANG, “The Action of Electrolytes on Nerve Respiration.” 
FRANK PATRICK CULLINAN, ‘“‘A Study of the Carbohydrate and Nitrogen Content in 
Shoots of the Peach (Prunus persica).’”” Marie CHRISTINE D’Amour, ‘‘The Oestrus 
Inhibiting Principle of the Anterior Lobe of the Hypophysis.’’ JAMES ERNEST DavIs, 
“The Relationship of the Adrenal and Thyroid Glands to Excised Muscle Metabolism.” 
Leo Putte Dovte, “I. Serum Reactions Produced by Feeding Antigens. II. The 
Length of Survival of Paratyphoid Bacilli in Foodstuffs.” RoBERT HENRY KING 
Foster, ‘‘A Study of Digitalis Preparations and Their Standardization by the Cat and 
Frog Methods.’”’ THomAs FRANCIS GALLAGHER, ‘‘The Quantitative Assay for the 
Testicular Hormone by the Comb Growth Reaction.’’ MuILLIcENT LouIsE HATHAWAY, 
“Provitamin D Potencies, Absorption Spectra and Chemical Studies of Heat-Treated 
Cholesterol.” CoRNELIUS ALBERTUS HospERs, ‘‘Studies in Cholesterol Metabolism. 
I. The Experimental Production of Gallstones in Hypercholesterolemic Rabbits. II. 
The Blood Cholesterol in Anesthesia.”” HELEN ALvinA HunscHER, “Metabolism of 
Women during the Reproductive Cycle.””’ ARNOLD LEO LIEBERMAN, ‘“‘The Physiology 
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of Calehams Gluconate.” HuBERT WHATLEY Martow, “The Effects of Sex Hormone 
Preparations on the Calcium and Blood-Phosphorus Levels in Laboratory Animals,” 
ENNIS BRYAN Womack, ‘‘Biochemical Studies on the Yield of Testicular Hormone 
from Tissues and Body Fluids and on Factors Affecting the Comb Growth Response in 
the Brown Leghorn Capon.’’ HENRIETTA LOUISE ZOBEL, ‘‘The Indicator Method of 
Measuring Oxidation-Reduction Potentials in Algae.” 


Cincinnati, University of 


Atta AsH Ley, “A Study of Certain Chemical Changes Which Occur in Rabbits 
with Experimental Diphtheria Intoxication.’”” MILForp JoHN Boyp, ‘‘Hematopor- 
phyrin, an Artificial Proteolytic Enzyme.” | Epwin Ervin Dunn, “‘The Separation of 
the Enzymes and Toxic Principles from the Venom of the Rattlesnake.’ Rupy §, 
Hrrose, ‘‘The Nature of Thrombin and Its Manner of Action.’”’” Don DELAancr 
Ir1sH, “The Separation, Nature, and Method of Action of a Constituent of Tissue 
Extracts Which Increases the Coagulability of Blood on Internal Administration.” 
Leon HERBERT ScHmipT, ‘‘The Relation of Blood and Tissue Phospholipoids to Ex- 
perimental Gastric Ulcer.”’ 


Columbia University 


Irvinc Anrony DERBIGNY, ‘‘Studies on Vitamin G with Special Reference to 


Protein Intake.’ Litt1an NELSON ELLIs, “A Quantitative Study of the Nutritional | 


Significance of Varied Proportions of Vitamin G.’”’ MARIANNE GoETTSCH, ‘‘Studies 
Concerning Nutritional Muscular Dystrophy in Guinea Pigs and Rabbits and the 
Role of Vitamin C in Reproduction.” Samurt Grarr, ‘Determination of Plasma 
Volume.” JANE GLADYS HARTLEY, “Factors Concerned in the Quantitative Determina- 
tion of Vitamins B and G.” HELEN S. Morris, ‘Physiological Effects of Boron on 
Wheat.”” Etta McCoL_itum Vantretcu, “‘A Quantitative Study of the Influence of 
Nutrients on Hemoglobin Regeneration.”’ 


Cornell University 


MARGARET Dann, “The Influence of the Vitamin B Complex on the Metabolism 
of Glucose Administered to the Fasting Dog.’’ CLiIrFoRD DaRTON KELLY, “Chemical 
Changes in Cheddar Cheese in Their Relationship to the Lactic Acid Streptococci.” 
AMALIA ELIZABETH LAUvTz, “The Comparative Digestion of Pepsin in vitro by Artificial 
Infant Feedings as Used in America Today.’”’ PHILIP JOHN SCHAIBLE, ‘‘Plasma Lipoids 
in Lactating and Non-Lactating Animals.”’ 


Duke University 
LEON CarREY CHESLEY, “A Study of Digestion in Marine Fishes with a Critique of 
Amylase Methods.” 
Illinois, University of 
CLypDE TRAIN CALDWELL, “Growth Experiments with Mixtures of Amino Acids.” 
LEONORE BEATRICE HOLLANDER, ‘‘The Chemistry and Metabolism of Cystine.” 


Iowa, University of 


Mary ELIzABETH TURNER, “Protein-Lipoid Combinations in Blood and Body 
Fluids.” 
Iowa State College 


VALERIANO CALMA Y CaTAcutTAN, “The Growth of Cuttings as Influenced by Their 
Chemical Composition.”” CLAUDE L. FLy, ‘‘Biochemical Relations between Iron and 
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Manganese and Organic Matter in the Growth of the Green Plant.” H. James Har- 
woop, “The Physiological Action of Cystinyl Peptides and Guanidine Derivatives.” 
RoGER Patrick, ‘““The Fermentation of Levulose by Some Bacteria of the Genus 


Aerobacillus.”” 
Johns Hopkins University 


Lizzizr HepzrsAn Beynon, ‘“‘Are Minute Inorganic Chemical Constituents of 
Biological Products Essential for Normal Growth and Reproduction? I. Is Nickel 
Essential?”” MERIDIAN RuTH GREENE, “‘The Effects of Vitamins A and D on Antibody 
Production and Resistance to Infection.”” JoHN MackINTOSH NEWELL, “Studies on 
the Réle of Zinc in Nutrition.”” Jos& HEEREN Parpo, “Nutritional Value of the Am- 
monium Ion for Higher Green Plants, Especially Agricultural Forms.” ALICE CALVERT 
Roperts, ‘‘A New Method for the Preparation of Thrombin.” DanreL LAMONT 
SECKINGER, “Studies upon the Blood Chemistry and the Clinical and Immunological 
Nature of Infectious Myxoma.” 


Maryland, University of 
Marion W. ParKER, “A Physico-Chemical Study of the Soluble Polysaccharides of 


Sweet Corn.” 
Michigan, University of 


ELDRED RoLAND MarTELL, “The Relation of the Physio-Chemical Properties of 
Norway Spruce Cell Sap to Site.” Manet Marie MILter, “The Utilization of Xylose 
by the White Rat.” Apo.rn J. Rortu, “Filtrable Forms of Bacteria in Sewage.”’ 


Minnesota, University of 


CHARLES MorrIs BLUMENFELD, “Effects of Various Dietary Deficiencies upon the 
Morphology of the Suprarenal Gland.” Eart ALBon Hewrirt, “Certain Morphologic 
and Chemical Phases of the Blood of Normal and Cholera-Infected Swine.” JoHN 
WitraM Reap, “The Effect of Ultra-Violet Irradiation on the Chemical and Nutritive 
Properties of Baked Products.”” VERNON ALEXANDER WILKERSON, “‘A Biochemical 
Study of Embryonic (Pig) Growth, with Special Reference to Nitrogenous Compounds.” 


Northwestern University 


PHOEBE JEANETTE CRITTENDEN, “‘A Study of the Pharmacology of Metaphen and 
Acriflavine.’” Dora FIsHBAck, “Alteration of Glycogen, Lactic Acid, and Phosphorus 
Compounds in Experimentally Produced Acute Molecular Degeneration of Skeletal 
Muscle.” 

Ohio State University 


DERWIN WILLOUGHBY AsHCcRAFT, “The Effects of Feeding Varied Rations upon the 
Hydrogen-Ion Concentration of the Intestinal Contents of Domestic Fowls.” Eva 
GALBREATH CAMPBELL, “A Thermophil Nitrite Former.”” WALTER PHILIP ELHARDT, 
“The Effect of Methyl, Ethyl, Propyl, and Butyl Alcohols on the Growth of White 
Leghorn Chickens.”” RutH MADELINE Krart, “The Effect of Pituitary Hormone on 
the Activity and Ovulation of Young Female Albino Rats.” 


Pennsylvania, University of 


EpWIN JoHN De BEER, “The Inorganic Composition of the Parotid Saliva of the 
Dog and Its Relation to the Composition of the Serum.’”” GERTRUDE SANDERS FRIED- 
MAN, “An Examination of Cerebro-Spinal Fluid for Oxytocic Activity as Tested by the 
Rabbit Uterine Fistula Preparation.” CHARLES Hopce, 4th, “Growth and Nutrition 
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of Melanoplus differentialis (Orthoptera: Acridiae). I. Growth on a Satisfactory 
Mixed Diet and on Diets of Single Food Plants.’”” Tuomas Kerr, “The Efiects of 
Injection of Essential Metals into the Protoplasm and Vacuoles of the Root Hairs of 
Limnobium spongia.”” W1LLIAM AUGUSTINE Wo LFF, ‘‘Aserine in Mammalian Skeletal 
Muscle.” 
Pittsburgh, University of 

Davin GLick, ‘‘Relationships between the Constitution of Organic Compounds and 

Their Effects upon Liver Esterase and Pancreatic Lipase.” 


Princeton University 


GEORGE WELLFORD TAyLor, “The Effects of Hormones and Certain Other Sub- 
stances on Cell (Luminous Bacteria) Respiration.” 


Rutgers University 

HERBERT W. REvSZER, ‘‘The Decomposition of Hemicelluloses with Special Refer- 
ence to Their Uronic Constituents.’”’ LtLoyp R. SETTER, ‘‘A Comparison of the Pollution 
and Natural Purification of the Connecticut and Delaware Rivers and the Brandywine 
Creek.”” ERNest L. SPENCER, ‘Nutritional Studies with Rhododendron ponticum in 
Sand Cultures.”” Vicror A. T1EDJENS, ‘‘Factors Affecting Assimilation of Ammonium 
and Nitrate Nitrogen, Particularly in the Tomato (Lycopersicon esculentum Mill) and 
in the Apple (Pyrus malus L.).” 


Saint Louis University 


Puitie AARON Katzman, ‘“‘The Preparation and the Chemical and Physiological 
Properties of an Anterior Pituitary-Like Substance from Human Pregnancy Urine.” 


Stanford University 


DENIS LLEWELLYN Fox, ‘‘Some Chemophysical Aspects of Carbon Dioxide Narcosis 
in Living Cells.” VEoN CarTER KieEcu, ‘‘Catabolism of the Amino Acids and Their 
Calorigenic Effect.’””, STANLEY WALLACE Morss, ‘‘The Effect of Certain Hormones on 
Amino Acid Metabolism.” 


Washington, University of 
EwEN Grits, ‘‘A Phytochemical Study of Hydrastis canadensis (Golden Seal).” 
Washington University (St. Louis) 


Betty Rose Monacuan, “The Effect of Dietary Deficiencies on Phospholipoid 
Metabolism.”” WILLIAM BEAN WENDEL, ‘“‘Some Aspects of Biological Oxidation as 
Illustrated by the Oxidation of Lactic Acid by Dog Erythrocytes and Methylene Blue.” 


Western Reserve University 


JEROME E. ANDES, “‘Guanidine Bases in the Blood and Urine.’? DONALD FRANCIS 
EVELETH, “‘The Determination of Aluminum in Animal Tissue with a Consideration of 
the Excretion of Intravenously Injected Aluminum Salts.’”’ LyLeE ALFRED WEED, “The 
Biological Properties of Certain Organic Mercury Salts.” 


Wisconsin, University of 


Haze, Marie Hauck, “Manifestations of Fluorine Toxicity.” ELMER REVE 
HiTcuner, “A Cultural Study of the Propionic Acid Bacteria.’’ ARTHUR RUSSELL 
KEMMERER, “Studies on the Influence of Manganese in Animal Nutrition.”” ERNEST 
CarRR McCu.tocn, “The Germicidal Efficiency of Sodium Hydroxide.’”’ Tuomas 
Dwicut MALLErY, ‘Changes in the Osmotic Value of the Expressed Sap of Leaves and 
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Small Twigs of Covillea tridentata as Influenced by Factors of Environment.” Isaac 
WALKER RuPEL, ‘‘Vitamin D in the Nutrition of the Dairy Calf.’”” WimL1am BowENn 
SarLEs, ‘The Production of Volatile Acids by the Fermentation of Cellulose at High 
Temperatures.” JOHN TAYLOR SKINNER, ‘‘The Role of Manganese in Animal Nutri- 
tion.” MARIAN ESTHER STARK, ‘‘Standards for Predicting Basal Metabolism: Pre- 
diction for Girls from Seventeen to Twenty-One.” PavuL_ JupSoN TALLey, ‘‘Some 
Chemical Differences in Staminate and Pistillate Plants of Hemp.’”’ PERRY WILLIAM 
Witson, “The Biochemistry of Certain Bacterial Processes.” CHUN CHIEH YOUNG, 
“Oxidation and Reduction of Alexin.” 


Yale University 


RICHARD OWEN BROOKE, ‘‘The Mineral Metabolism of Rats Receiving a Diet Low 
in Inorganic Constituents.’”” NorMAN Epwin Gispsons, “‘A Bacteriological Study of 
Fresh and Frozen Marine Fishes.’"” EVELYN BROWER MAw, ‘‘The Relation of Hyper- 
lipemia to the Nutrition and Metabolism of Diabetic Patients.” EstaeER HOwLAND 
MontcoMERY, “Influence of Diet and of Thyroid Administration on the Toxicity of 
Acetonitrile in Mice.” 

ENGINEERING 


Columbia University 


CHARLES JOSEPH BrockMAN, ‘‘A New Method for Electro-Organic Reductions.” 
GERALD Munz EDELL, ‘“‘Studies on the Phenol-Formaldehyde Condensation.” Jaco, 
MircHELL Fain, ‘‘The Stabilization of Aqueous Dispersions of Asphalt with Special 
Reference to Suspendability and Film Properties.’”” FREDERICK J. KENNy, ‘“‘A Study 
of the Passivity Produced by Chromic Acid on 8% Chromium Steel, 8% Nickel, Alloy.”’ 
WALTER WILLIAMS PLECHNER, ‘“‘The Thermal Precipitation of Hydrated Titanium Ox- 
ide from Titanium Sulfate Solutions.” LeRoy Davenport Sorr, ‘Elimination of 
Pigment Drying (in the Production of Water Paints, Oil Paints, and Lacquers).”’ 


Illinois, University of 


RALPH Louis ScoraH, ‘‘The Thermodynamics of Detonation with Application to 
Mixtures of Hydrogen and Oxygen.”’ 


Iowa, University of 
Ciirton L. Love i, ‘“‘The Industrial Biosynthesis of Certain Organic Acids.” 
VirciL ScarTH, “The Catalytic Effect of Activated Carbon on the Iron Oxide Purifica- 
tion of Fuel Gases.” 
Iowa State College 


Paut GRAHAM Birp, “I. The Manufacture of Artificial Zeolites. II. The Con- 
trol of Zeolite Water Softeners.” CHARLES EARL HARTFORD, ‘‘The Design of a Plant 
for the Production of Insulation Board from Agricultural Wastes and the Cost Data on 
This Process.”” THEODORE R. NAFFZIGER, ‘I. Some Factors Affecting the Production 
of Insulation Board. II. The Development of the Commercial Production of Re- 
frigeration Board and Pressboard.” 


Massachusetts Institute of Technology 


JEROME HOWARD ARNOLD, ‘‘The Theory of Diffusional Processes.”” JOHN GrIS- 
WOLD, “‘The Influence of Operating Conditions on Efficiency of Rectification.”” EUGENE 
CyEN Koo, ‘Mechanisms of Isothermal and Non-Isothermal Flow of Fluids in Pipes.” 
DonaLD MCCLELLAND STURZNICKLE, “‘A Photographic Study of Flame Propagation.”’ 
CuHanc Mine Tu, ‘‘The Mechanism of Combustion of Solid Carbon.” 
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Michigan, University of 
CHARLES RuFus Harte, Jr., “A Study of the Absorption of Carbon Dioxide Gas 
in Certain Aqueous Alkaline Solutions.” Kar~L KAMMERMEYER, “Extraction of 
Alumina from Kaolin and Other Silicates.’”’” CHARLES WILLIAM SELHEIMER, Jr,, 
“Effect of Temperature and Pressure on Equilibrium Relations between Gases and 
Liquids.” 
Minnesota, University of 


Evuiotr Lee McMmLten, “Thixotropy, Its Measurement and Relation to Plas- 
ticity.” BURRELL FRANKLIN Rut, “Studies in Filtration.’”” HANs NERNHARD SEVERIN 
STROMBERG, ‘‘A Biochemical Survey of the Rochester Sewage Disposal Plant and the 
Zumbro River.” 

Ohio State University 

CLARENCE Jay Brack, ‘‘The Value of ‘85% Phosphoric Acid’ in Standard Tests.” 
Top B. Gattoway Drxon, “The Classification of Hydrated Limes.’”? RoBrert AN- 
DERSON FIsHER, ‘‘Effect of Sodium Aluminate in the Softening of Boiler Feed Water 
at Other than Ordinary Temperatures.’’ JoSEPH WHEATON GILL, ‘‘A Study of Colloids 
in Ohio Surface Clays and Shales.” L. A. Parxker, “Effect of Viscosity vs. Density of 
Liquids or Solutions on the Characteristics of Centrifugal Pumps.’’ FRANCIS JESSE 
Wiurams, ‘‘Some Effects of Mica on Certain Ceramic Glasses.’”’ SHoU-CHEN YANG, 
“Glucose from Starch.” 

Yale University 


James Henry Lv, “Methods of Investigating the Plastic State of Coal.” 


METALLURGY 
Iowa State College 


EVERETTE LEE HENDERSON, ‘‘The Effects of Molybdenum and Chromium on the 
Malleabilization of White Cast Iron.” 
Massachusetts Institute of Technology 


FREDERICK LEO Coonan, ‘‘The Effect of Alloying Elements on Malleable Cast 
Iron.” 
Michigan, University of 


ERNEST BENJAMIN Drake, “A Study of the Relation of Casting Technique to the 
Macrostructure and Physical Properties of Tin-Base Babbitt.”” JoHn TRIMBLE EasH, 
“The Copper-Rich Alloys of the Copper—Nickel-Tin System.” 


Rensselaer Polytechnic Institute 


HEIMAN WILLIAM Koren, “‘An Investigation of Precipitation Hardening in Certain 
Tron Alloys.” 
Wisconsin, University of 
LA VERNE WINFIELD Eastwoop, “The Flotation of Southwestern Wisconsin Zinc 
Ores.’ Oscar Otto FRITSCHE, “Viscosity of Blast-Furnace Slags.” 


Yale University 


DoNALD KELSEY CRAMPTON, “The Effect of Internal Stress on Properties of Drawn 
Brass Tubes.” DANA WENTWORTH SMITH, “‘Segregate Structures Produced from 
Analogous Phases in Copper-Tin and Silver-Zinc Alloys.” 
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Abstracts 





APPARATUS, DEMONSTRATIONS, AND LABORATORY PRACTICE 


Apparatus for the determination of the volume relationship in the synthesis of 
water vapor. H. Petzotp AND R. Scuarr. Z. phys. chem. Unterricht., 45, 97-100 
(May-June, 1932).—The gas buret shown in the figure (capacity 25 cc.; graduated in 
tenths of a cc.) is sealed at its upper end to a piece of capillary tubing provided with a 
stopcock. At the lower extreme the buret is sealed to a piece of ordinary glass tubing 


which is connected to a leveling bulb by means of rubber tub- 
ing. The zero point of the buret is at the point where it is 
sealed to the capillary about 2 cm. above the position where 
two platinum electrodes are fused into the buret. The buret 
can be heated electrically with nichrome wire or some other 
resistance wire which is wound on a large piece of glass tub- 
ing surrounding the buret. In order to guard the position 
of this resistance wire on the glass cylinder it is best to paste 
on the latter two long strips of asbestos paper. The glass 
cylinder is closed with two cork stoppers; the stopper at the 
top must be cut in half. 

To use the apparatus remove all moisture from the 
apparatus and the rubber tubing by means of an air current. 
Hold the leveling bulb as low as possible and fill it with 
about 500 g. of Hg. Raise the bulb and fill the buret and 
capillary with Hg, taking care to remove all traces of air. 
Close the stopcock and introduce into the buret about 10 to 12 
cc. of an explosive mixture of hydrogen and oxygen through ’ 
the upper inlet tube. Close the stopcock and place the level- P 
ing bulb in such a position that the level of the Hg in the bulb ‘ 
is 0.5 to 1 cm. lower than the level inthe buret. Fill the space 3 
in the inlet tube above the stopcock with mercury and by 7 
carefully regulating the stopcock introduce a few drops of ; 
mercury into the capillary. This latter precaution prevents <4 
the precipitation of water in the capillary after the explosion. 

Close the stopcock and begin the heating. In the construc- 

tion used by the author a temperature of 130°C. was reached 
within 5-10 min. with 120 volts and 0.7 ampere. At this 

time the current was lowered a little in order to reach con- 

stant temperature as quickly as possible. When the tem- 
perature remains constant for about two minutes equalize the levels in the bulb and the 
buret, read the volume, and then lower the bulb so that the level of the mercury in the 
bulb is lower by 6 to 8 cm. than the level in the buret. At this dilution the mixture will 
explode without any danger. The ignition can be started with a small spark coil. 
After the ignition equalize the levels and read the volume. Turn off the electric cur- 
rent and when the temperature has dropped to about 100°C. observe the condensation 
of water. A small gas bubble, about 0.1 to 0.2 cc., remains usually at room temperature 
due to impurities or slight errors in the combination of the two gases. The table sum- 
marizes the results of a number of experiments. 
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Volume 
of 
Explosive 
Mixture Volume of 
at the of Volume of 
Temp. of Water Residual 
Nature of Gaseous Temp., the Exp., Vapor, Gas, 
No. Components bs oe ce. ce. Volume Ratio ce. 
1 Moist hydrogen and oxy- 
gen from steel cylinders 128 12.7 8.7 1:0.685 0.2 
3:2.055 
2 Moist hydrogen from Kipp 
generator; moist oxygen 
from steel cylinder 126 14.4 927 1:0.674 0.2 
3:2.022 
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Volume of 
Explosive 
Mixture 
at the Volume of Volume of 
Temp. of Water Residual 
Nature of Gaseous Temp., the Exp., Vapor, Gas, 
No. Components °C, ce. ve. Volume Ratio ce. 
3 Hydrogen from Kipp gen- 
erator, purified with 
KOH, KMnQ,, alkaline 
pyrogallol; oxygen from 
K.CrO, and acidified 
H.2O2; both gases dried 
with concentrated 
H2SO, { a has :0.676 about 0.5 ce. 
3:2.028 of hydrogen 
4 Moist detonating gas ob- 
tained electrolytically 
from KOH with large 
nickel electrodes 125 vie vf :0.677 
3:2.031 
5 Detonating gas obtained 
electrolytically from 
KOH and dried with 
anhydrous CaCl. 134 14.85 9. :0.667 0.1 
3:2.001 
L. S: 


Oxymeter, a new apparatus for the quantitative determination of oxygen. K. W. 
Hetzer. Chem.-Ztg., 56, 551-2 (July 13, 1932).—In order to be able to determine 
gaseous oxygen quantitatively it is necessary to employ methods that require the use 
of complicated apparatus by trained experts. Aside from the usual combustion methods 
with hydrogen or copper there are a number of common absorbents by means of which 
oxygen can be determined with varying degrees of accuracy. They are: (1) an 
alkaline solution of pyrogallic acid; (2) ele- 
mentary phosphorus in water or castor oil; 
(3) chromous chloride or acetate in acid solu- 
tion; (4) cuprous chloride in hydrochloric or 
ammoniacal solution; (5) sodium hydrosulfite 
in faint alkaline solution. 

A critical study of these five absorbents 
shows that they do not give equal, exact re- 
sults under all conditions. The reason for this 
discrepancy is the variable temperature factor 
which is different for each absorbent. The 
apparatus shown in the figure gives good re- 
sults that agree well with those obtained by 
other methods; furthermore, its manipulation 
is simple and can be learned quickly. The 
readings taken are completely independent 
of exterior conditions. 

The absorbent is an ammoniacal solu- 
tion of cuprous chloride containing some 
ammonium carbonate. The apparatus con- 
sists of a gas pipet (capacity 20 cc.) which 
ends in a piece of calibrated capillary tubing 
at the upper end and a stopcock at the 
lower and upper ends. A separatory funnel is sealed to the pipet right below the 
capillary. In using the oxymeter the stopcock 3 is attached to the sample tube by 
means of rubber tubing. All three stopcocks are opened and the air is displaced from 
the apparatus by means of the gas from the sample tube. The stopcocks are then 
closed, the rubber tubing is disconnected, and the funnel is filled with the absorbent up 
to the 25 mark. On properly opening and closing the stopcocks and shaking the ap- 
paratus the solution absorbs the oxygen and rises in the capillary. The reading in the 
capillary tubing gives the percentage of oxygen by volume. L. §. 
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Experiments with sulfur for your home laboratory. R. B. Wares. Pop. Sci. 
Mo., 121, 50 (Sept., 1932).—By means of very simple apparatus, many properties of 
sulfur, sulfur dioxide, and hydrogen sulfide may be demonstrated. The bleaching and 
reducing action of sulfur dioxide may be illustrated by the action of the gas or its water 
solution on rose petals, dilute potassium permanganate solution, and some kinds of 
colored cloth. Its solubility in water may be used to make a fountain within a bottle. 
Hydrogen sulfide gas may be burned, used to prepare many metallic sulfides, or when 
allowed to react with sulfur dioxide, will demonstrate the manner in which free sulfur is 
deposited in volcanic regions. Directions for making sulfur dioxide and hydrogen sul- 
fide are given. H:.. TB: 

Quantitative spectroscopy with special reference to the “ratio quantitative system.” 
S. J. Lewis. Chem. & Ind., 51, 271-4 (Mar. 25, 1932).—Spectroscopy is quite com- 
monly used as a means of determining qualitatively the composition of substances but 
relatively little work has been done in attempts to perfect methods for quantitative 
spectroscopy. The author outlines in detail a general method of procedure for the 
quantitative analysis of any material based on the comparison of the photograph of the 
spectrum of the substance with the spectrum of a ratio powder of known and similar 
composition. The relative intensity of the characteristic lines of the different elements 
in the two samples is the basis for the comparison. By this method it is possible to make 
a complete quantitative analysis of an extremely small amount of material. 

E2R: W: 

Experiments in allotropy. I. Arsenic and iron allotropes. E. W. BLANK. 
Sch. Sct. & Math., 32, 595-7 (June, 1932).—There are presented the details, with line 
drawings, of apparatus and experiments for the preparation of a- and f§-arsenic and 
a-, y-, and 6-ferrite. J. Bee 


KEEPING UP WITH CHEMISTRY 


Metal powder products. Jnd. Bull. Arthur D. Little, Inc., 68, 2-3 (Aug., 1932).— 
A comparatively new but growing industry is that of molding small objects from pow- 
dered metal. The process was originally an off-shoot of the process for making tungsten 
filaments for electric lights. The method is similar to the one used in molding Bakelite 
products. The main field for this new art is in the manufacture of metal parts which 
would otherwise be cast or drop forged. In addition to tungsten, iron, copper, nickel, 
chromium, and various alloys are being molded as metal powder products. The metallic 
molding powder is usually produced by electrolyzing a solution of a corresponding salt, 
depositing at the cathode a spongy layer of the pure metal which is freed of the salt, 
dried, pulverized, and sifted to form a dry powder of definite particle size. When the 
powder is to be molded, a certain amount of powder is placed in a steel mold and sub- 
jected to a pressure in excess of 5000 pounds per sq. in. by means of a hydraulic press. 
The article thus formed is heated to cause sintering. The finished shape may be put 
through any of the common operations carried out on the usual cast ingots or bars. The 
molded metal is not brittle and after the heat treatment is ductile, even though of low 
density. The advantages of powdered metal seem to be in the control of density, com- 
position, size, and shape of fabricated parts. Alloys which are impossible to produce 
because their components are immiscible in the liquid state, or because the difference in 
melting points is too great, may be easily produced by molding their metal powders. The 
chief technical limitation of the process at present is one of the size of the product, for as 
the object increases in size, the pressure increases enormously. The most important 
application of molded metal today is ‘‘oilless bearings’’ used in motors, electric clocks, and 
refrigerators. This process has made possible the use of tungsten carbide, which is nearly 
ashardasdiamond. Carboloy, which is composed of 85 to 97% tungsten carbide and the 
remainder cobalt, is made into a billet, after sintering, which can be worked in a lathe or 
filed without difficulty. After working to the proper shape, it is heated in an atmos- 
phere of hydrogen, cooled, ground, and polished for use G. O 

Present-day knowledge of coal. H.A.Curtis. Chem. & Ind., 51, 350-5 (Apr. 22, 
1932).—Microscopic investigations point almost overwhelmingly to the vegetable origin 
of coal. The evidence seems to indicate that most coal beds have been formed in situ 
and in most instances the coal has not been subjected to temperatures higher than the 
usual surface temperature of the earth. Peat is probably the intermediate substance in 
the formation of most coals. Very little first-class scientific work has been done on the 
processes occurring in existing peat bogs. The problems connected with the classification 
of coals by numerical values are discussed. E.R. W. 

Progress in petroleum hydrogenation. ANon. Ind. Eng. Chem., News Ed., 10, 
205-7 (1932). G. W. S. 
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The corrosive action of hydrogen fluoride and its antidotes. K. FREDENHAGEN 
AND M. WELLMANN. Z. angew. Chem., 45, 537-8 (Aug. 13, 1932).—While during the 
studies carried out by earlier investigators (Thenard, Gay-Lussac, Davy, Knox, and 
Louyet) there occurred serious accidents and even deaths, the technic of working with 
HF has been improved so that now accidents occur only by lack of proper precautions 
and by negligence in the rapid application of antidotes. The authors experienced prac- 
tically no trouble in handling dilute gaseous HF. Other gases like chlorine and sulfur 
dioxide are much more disagreeable in equal dilutions. In very great dilution the fumes 
of HF are antiseptic and disinfectant. Several co-workers are under the impression 
that the intake of such very low concentrations is a favorable influence in colds. In 
large concentrations and on prolonged exposure the gas is undoubtedly dangerous. 

Up to a concentration of 10% the aqueous solution does no harm to the skin and 
tissues if brought in contact for a short period of time and then removed completely. 
Traces remaining under the finger nail, however, bring about a corrosive action. In 
more concentrated solutions, up to a content of 60%, the corrosive action does not 
become noticeable at once, The upper layer of the skin, the cornea, is not completely 
destroyed by the solution. The corrosive action is due to the fact that the HF or the 
fluoride ion diffuses through the cornea and destroys the lower layers of the tissue with 
the formation of a yellowish thick fluid accompanied by very severe pain. The more 
concentrated the acid, the longer the time of exposure, and the thinner the cornea (which 
is not sensitive to pain) the less time it takes for the severe pain to become noticeable, 
the greater the pain, the deeper and the more lasting the yellowish layer (colliquation 
necrosis). 

These HF burns are similar to a third-degree burn followed by necrosis and greatly 
delayed process of healing which lasts at least three weeks. 

Antidotes recommended previously have been 30% solutions of KOH or NH,OH 
or a 10% solution of (NH4)2CO3. Concentrated solutions of HF produce three known 
effects: (1) dehydrating action, (2) acid action, (3) specific poisonous action of the 
fluoride ion. The antidotes just mentioned will take care of the first two effects but not 
of the third one. Even when treated with these bases, corrosive actions and pain were 
observed which lasted for several days. The authors discovered that rinsing with 
caustic lime is much more effective as the calcium ion precipitates the fluoride ion and 
thus renders it harmless. Nowadays the authors employ a paste of MgO and glycerin 
or oil which is placed on and rubbed into the place that came in contact with the chemi- 
cal. The paste is renewed several times and the bandage is kept in place for several 
hours. Magnesium oxide was chosen to avoid the corrosive action of the lime. Ex- 
cellent results have been obtained with this paste. No pain was ever observed. 

In most cases the treatment with MgO paste is sufficient to prevent necrosis if ap- 
plied in time and with sufficient intensity. However, if the’treatment is begun too late, 
thus giving the fluoride ion sufficient chance to diffuse into the skin, it is better to use 
injections as antidote. Injections with the following solutions have been successful: 
A 20% solution of MgSO,, a 10% solution of sterile calcium gluconate, and a 9% isotonic 
solution of neutral and sterile calcium pyrocatechol, calcium, sodium disulfonate. The 
organic preparations are less active than MgSO, as their degree of dissociation is lower. 
The injection of CaCl, solutions which from a chemical standpoint would be much better 
is not advisable as its subcutaneous application favors the formation of necrosis. 


Fortunes and misfortunes in iodine. P. F. Hotsterms. Chem, & Met. Eng., 39, 
422-5 (Aug., 1932).—Iodine is contained in Chilean ‘‘caliche,”’ the nitrate ore, in the 
form of iodates. No iodide is present. Average iodine content is 0.06%. Iodine is 
precipitated from the mother liquors by variations of one of .the following methods: 
(1) by thiosulfate and sulfuric acid; (2) by direct gas, passing SO» into the mother liquor; 
(3) by sodium bisulfite. Recovery is well over 80% of that available in the mother liquor 
but only about 30% of that in the original ore. Other commercial sources are seaweed, 
artesian and oil wells, which are the sources for European, Japanese, Java, U. S., and 
Russian producers. Other methods of manufacture are (1) activated char; (2) silver; 
(3) ‘‘Turrentine’’; (4) precipitation by mercurous salts; (5) precipitation by cuprous 
salts; (6) separation by an immiscible with water solvent as kerosene. Operating 
difficulties in iodine plants are discussed. Chilean iodine can be produced and delivered 
to the consumer for $0.40 to $0.60 a lb., while the price of seaweed iodine is $2.00 to 
$3.00 alb. Oil well brines are a little cheaper in source than seaweed but still considered 
expensive. Potential Russian and actual American production will undoubtedly further 
reduce the Chilean price. : 

Concentrated nitric acid by direct synthesis avoids absorption. G. FAuser. 
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Chem. & Met. Eng., 39, 430-2 (Aug., 1932).—One of the most difficult problems which 
modern technic of synthetic nitrogen has had to face is the direct synthesis of nitric 
acid at the concentration required by certain industries. Even with the aid of pressure 
or low temperature the absorption of nitrous gases in water allows the production of an 
acid of only 68% strength. Hence concentration must be resorted to. As 68% acid 
isa constant boiling mixture a dehydrating agent—normally concentrated sulfuric acid— 
is used, but it is an expensive process. Hence concentrated nitric acid is now prepared 
by a process illustrated by the equation: 


2H.20 + 2N.0, + O: —> 4HNO; + 18.8 cal. 


This reaction is favored by increased temperature and pressure. It is further aided by 
using dilute HNO; in place of water, compressed oxygen, liquid nitrogen peroxide, and 
proper construction of the reaction chamber. A special method has been evolved for 
the production of the nitrogen peroxide. Ja We 
Disposing of ammonia liquor as a waste product. D.V. Moses AND B. H. MAcKEy. 
Chem. & Met. Eng., 39, 441-3 (Aug., 1932).—Disposal of by-product ammonia liquors 
from coke ovens has become a vexing problem due to its pollution of streams and the 
fact that it no longer pays to recover it. A process is outlined based on the removal of 
the ammonia and phenol by steam distillation, the condensate being then used for coke 
quenching. LW. 
Georgia prepares for a native white paper industry. Srarr Report. Chem. 
& Met. Eng., 39, 435-7 (Aug., 1932).—A description of the Georgia experimental pulp 
and paper laboratory which has enlisted the generosity of many private and engineering 
groups and is under the direction of Dr. Charles H. Herty. J. W: Hi 
Alkyd resins developed into new forms. J.G. E. Wricut. Chem. & Met. Eng., 
39, 438-40 (Aug., 1932)—Alkyd resins which are made by esterifying polyhydric alco- 
hols with polybasic acids, either with or without incorporation of other reacting in- 
gredients such as oils or oil acids, have been used several years as primers, paints, ad- 
hesives, and finishes under the trade name ‘‘Glyptal.’”” The cast form has appeared in 
autopoint pencils, objets d’art, tooth brush handles, pyroxylin substitutes, vibration ab- 
sorption devices, lithographic rolls, oil-proof gaskets, floor coverings, films, etc. The 
chemical and physical properties make many possible future uses. Fs. Wake 
Printing ink production. ANon. Chem. & Met. Eng., 39, 449-50 (Aug., 1932).— 
A modern printing ink plant not only formulates and compounds inks but also produces 
carbon black, colors, lakes, and varnish bases. Linseed and rosin oils are chiefly used to 
make varnish bases, but petroleum, tung, cottonseed, and castor oils are also used. Car- 
bon black, as made from natural gas, gives the best black pigment. Both organic and 
inorganic pigments are used for colored inks. Varnishes and pigments are combined by 
mechanical mixing and thoroughly ground over roller mills. The value of printers’ ink 
produced in the U. S. during 1931 amounted to $29,595,330.09. Jo Wek 
Factors that influence drier performance. A. WEISSELBERG. Chem. & Met. 
Eng., 39, 427-9 (Aug., 1932).—Removing moisture by evaporation at atmospheric pres- 
sure with air alone supplying the heat of vaporization has made great forward strides in 
the last decade. The following factors enter into drier performance: (1) capacity or 
pounds of moisture removed; (2) drying rate; (3) evaporation; (4) diffusion of capillary 
moisture to the surface; and (5) efficiency. Each of these factors is discussed mathe- 
matically and the performance of a drier designed in accordance with the principles 
deduced is presented graphically. J. W. H. 
Determining friction losses in piping systems. M. J. REep AND L. H. Morrison. 
Chem, & Met. Eng., 39, 446-8 (Aug., 1932).—When water or any other liquid is pumped 
from a source of supply to a point of delivery, work must be performed not only to raise 
the water from the level of the suction to the discharge level but also to overcome a loss 
called “friction.” This loss is not caused so much by actual scraping of the fluid along 
the side walls of the piping as by eddy currents in the fluid itself. A simple formula for 
calculation of friction loss shows it varies directly with the length of the pipe, directly 
with the square of the capacity, and inversely with the first power of the internal diame- 
ter of the pipe. All of these factors are discussed in more detail and their limitations 
demonstrated. | Fe: 
The evaluation of sulfur suspensions used in spraying. R.M.WoopMaNn. Chem. 
& Ind., 51, 103T-7T (Apr. 1, 1932).—A detailed discussion is given of the methods 
used for determining the concentration of free or uncombined sulfur, the size of the sulfur 
particles, the rate of sedimentation, the amount of protective colloid in the suspension, 
and the wetting ability of the suspension. The ideal sulfur spray is described in terms of 
the above topics. E.R. W. 
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Applications of photoelectric cells in chemical engineering. C. J. SmITHELLs. 
Chem. & Ind., 51, 446-51 (May 20, 1932).—A photoelectric cell is a device which pro- 
duces an electric current or a change in an electric current under the influence of light. 
The four chief classes of photoelectric cells are: selenium, alkali metal, copper oxide 
rectifier, electrolytic cells. These cells may be used to study objects which emit light, 
those which absorb light, to detect motion or moving objects, changes in various Pproper- 
ties of materials, to compare colors, etc. Often the difficulties and uncertainties con- 
nected with visual colorimetry may be avoided by use of the photoelectric cell. 

E. R. W. 

Chemistry and the dental profession. C. S. Grsson. Chem. & Ind., 51, 452-3 
(May 20, 1932).—Many of the important materials used by the dentist have been dis- 
covered, studied, and adapted for dental use through chemical investigation. Among 
others may be mentioned amalgams of silver and of silver and tin, plaster of Paris, 
artificial resins. E.R. W. 


SCIENTIFIC REVIEWS AND BIBLIOGRAPHIES, TABULATIONS OF 
SCIENTIFIC DATA 


Progress report in the field of organic chemistry 1929-31. W. HUckEL anp 
W. GetmroTH. Z.angew. Chem., 45, 457-71 (July 9, 1932).—According to a preliminary 
remark of the editor this progress report in the field of organic chemistry does not repre- 
sent a mere literature survey of the investigations carried out during this time interval 
but points out the characteristic tendencies of the progress made in the various branches. 
Therefore only relatively few investigations are mentioned; 262 references are quoted; 
many important progressive investigations are not referred to on account of lack of 
space. 
Part I. General and Physical Chemical Part. 1. The Boundaries of Ordinary 
Structural Formulas: (a) tautomerism; (6) inner molecular rearrangements (steric 
rearrangements). 2. Space Structure of Organic Molecules: (a) configuration of 
diatomic compounds; (8) steric series. 3. Determination of the Fine Structure of 
Molecules by Means of Physical and Physical Chemical Methods: (a) relationship 
between constitution and some physical properties—dipole moments, diffraction of 


electrons, Kerr effect, Raman effect, dissociation constants, mol refraction, surface 
tension, viscosity; (b) selective absorption of light; (c) investigation of constitution 
by means of X-rays; (d) thermochemistry of organic compounds; (e) reaction velocity. 
4. The Nature of Chemical Union: (a) free radicals; (6) molecular dais i Ay 
theory of quantum mechanics. 


HISTORICAL AND BIOGRAPHICAL 


Wilhelm Ostwald. P. GUNTHER. Z. angew. Chem., 45, 489-96 (July 23, 1932).— 
Wilhelm Ostwald was one of the founders of the field of physical chemistry. All of his 
most important investigations were devoted to either of two fields: that of electrochemis- 
try or that of kinetics, particularly the branch of catalysis. While Ostwald has not en- 
riched the field of physical chemistry by a single fundamental discovery, it was he who 
brought order out of chaos, organized its development, and was its most active propagan- 
dist. The extent of his literary work is tremendous. His biographer calculated that up 
to 1904 the textbooks written by Ostwald were equivalent to 16 volumes of Meyer’s 
Encyclopedia (each volume containing about 1000 pages). In addition to these text- 
books there are about 1630 pages of original investigations, 300 pages of dissertations and 
lectures (not including translations), 3880 abstracts, and 920 reviews in journals. As 
organizer of research work Ostwald together with A. Wilke invited in 1894 a number of 
specialists from science and industry to a meeting in Kassel which was then organized as 
the German Electrochemical Society. He was elected its first president. In 1902, for 
the purpose of increasing its usefulness, the name of the society was changed at his 
suggestion to German Bunsen Society for Applied Physical Chemistry. He was also 
very active in the foundation of an international organization of chemical societies. 
At the end of his life he returned once more to experimental investigations, dealing pri- 
marily with the color of substances. He was an excellent teacher, and was interested 
in the historical development of the exact sciences. L..$. 

Wilhelm Ostwald. L. Micwaetis. Sci. Mo., 34, 567-70 (June, 1932).—Bio- 
graphical. A full-page photograph is included. G. W., S. 

The sixtieth birthday of Richard Willstétter. W.ScHLENK. Z. angew. Chem., 45, 
529-31 (Aug. 13, 1932).—Richard Willstatter has contributed a great deal of significant 
scientific data to the following fields: alkaloids; quinones and quinoids; cyclic hydro- 
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carbons; chlorophyll and assimilation of carbon dioxide; dyes in blossoms and fruits; 
andenzymes. This article contains an outline of these contributions. L. 

A teacher who became a Count. Anon. Laboratory, 5, 34-7 (1932). —Benjamin 
Thompson, later Count Rumford, was a successful New England school teacher who 
migrated to Europe at the beginning of the American Revolution. His most outstanding 
work was in showing that heat is a ‘‘mode of motion.’”’ He founded the Royal Institu- 
tion which was to ‘‘teach the application of science to the useful pursuits of life.”’ 

1 > Og ya 

Berzelius’ publications on catalysis. M.SpretTer. Chem.-Zig., 56, 561 (July 16, 
1932).—In the section “Chemistry of Plants’’ of the annual report of the Swedish 
Academy of Science dated March 31, 1835, there is given Berzelius’ ‘‘Several Ideas on a 
Force Not Noticed before and Active in Nature in the Formation of Organic Com- 
pounds.” This report was translated into French (Annales de Chimie et de Physique, 
1836) and German (Jahrbuch fiir 1836; also Archiv der Pharmacie des A potheker-Vereins 
in nordlichen Deutschland, 1836). Berzelius incorporated his ideas on catalysis in various 
places in his textbook. In the fifth German edition of this book (1848, vol. 1, pp. 110-2) 
he discussed the ‘‘vis occulta’ of catalysis. The following is quoted from the book: 
“Tf our ideas are justified that the chemical compounds are made possible by electrical 
relationships between elements then it is evident that this catalytic force is influenced by 
the polarity of atoms by which it is increased, diminished, or changed and that it is based 
on excited electric conditions about the inner course of which we have no ideas at 
present.” Four years later he again comes back to this catalytic force in volume 4 
of the fifth German edition of his book (pp. 438-5): ‘‘What a force is we know only by 
its effects and that the catalytic force has neither force of gravity nor cohesion nor 
chemical affinity we have seen; and if it is supposed to be an expression of electric force— 
we have reasons for such a supposition—it must be of such a strange nature and so differ- 
ent from the ordinary variety of electric force that it well deserves to be designated by 
this peculiar name.” bs &. 

Metals in the use of man. C. H. Descn. Sci. Mo., 34, 550-2 (June, 1932).— 
A brief discussion of the development of the use of metals beginning with the use of 
gold by the people of the Stone Age. Explanations are given of how different metals 
came into use and of the dependence of our present civilization on metals. G. W.S. 


GENERAL 


An English impression of American general science. F. W. TuRNER. Sch. 
Sci. & Math., 32, 585-95 (June, 1932)——-Two months of last year were spent in the 
U. S. studying the problem of teaching general science. Twenty-three cities and dis- 
tricts in thirteen states were visited and lessons were observed in one hundred twenty 
junior high schools and twelve universities. Besides this eight teachers’ colleges were 
visited. Turner was favorably impressed by the national belief in education as evi- 
denced by the money lavishly spent on high schools and their equipment and the free 
provision of such education. He was unfavorably impressed by the inadequate salaries, 
resulting in a second-rate personnel and insufficient training. His impression of many 
teachers, particularly in the high schools, was unfavorable. Because of inadequate 
salaries, men are not attracted to teaching general science, and therefore many boys 
go through their whole school life without ever having come into contact with men teach- 
ers. A bad effect of the salary difficulty is the custom of paying less salary in the junior 
high schools than in senior high schools. 

General science suffers by the credit system. It is only with difficulty that it ob- 
tains recognition for high-school graduation. The greatest contribution that American 
practice makes to the whole subject of general science is the growing emphasis of general 
science as a subject complete in itself. As to method: in science in England there is no 
method other than individual experimentation in the laboratory. Although Turner’s 
first reaction to the demonstration method in America was one of antipathy, his experi- 
ences convinced him that the teacher demonstration, or, the teacher-pupil demonstration 
method has at any rate as much educational value as the individual experimentation. 
He commends the excellent scheme of unit boxes of apparatus as in use in Boston. 

The author was continually up against the difficulties of inexperienced and untrained 
general science teachers, and he found them frequently.drafted from other subjects and 
often from other schools to junior high schools and set to the task of general science as 
the Cinderella of all subjects. He found that all the teachers of general science in one 
school had majored in mathematics. While endeavoring to obtain some information 
as to the training of teachers, the effort was fruitless. Turner reluctantly came to the 
conclusion that there is no systematic training of teachers of general science. 
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As to textbooks, at the most four or five different texts were used, but in over 80% 
of the schools one or the other of the two latest texts. Moreover, in most cases courses 
of study were rigidly based on a particular text. 

The tendency toward standardization in general science, deplorable however good 
the standard courses are, is still further evidenced by the latest craze for workbooks, 
The author was favorably impressed by the encouragement of the production of reports, 
both written and oral. He has arranged to effect an exchange of such reports with 
children of Los Angeles. He was favorably impressed by the aids to science teaching, 
notably the still film. One of the general disappointments of the content of general 
science in America is the almost universal omission of biology and the concentration on 
the physical aspect of the environment. The numerous plans of teaching, encountered 
everywhere, give a general impression that they are all ineffective substitutes for experi- 
enced teachers. General science is older in America than in England and the author 
pays tribute to the pioneering spirit of the adventurous advocates of the ra 

The diffusion of science. Scz. Mo., 35, 203-19 (Sept., 1932). The natural sciences. 
R. A. MiLit1Kan.—The great fundamental thing that science has to give to humanity 
is an understanding of the scientific method, and that method has been applied most 
conspicuously in the field of the natural sciences. This method which had its beginning 
in the natural sciences is the thing that must spread, as it is spreading, to all fields of 
knowledge. The main thing that the popularization of science can contribute to the 
progress of the world consists in the spreading of a knowledge of the method of science 
to the man on the streets and in giving to the public practical demonstrations of the 
results of that method of approach to life’s problems. The natural sciences are at 
present enormously better adapted to do that than are the social sciences. There isa 
technic used by nearly every one in the field of the natural sciences, by means of which 
the non-controversial or recognized knowledge is first presented and then controversial 
material is given as such. The great bulk of material is of the non-controversial type 
while only the fringe is controversial. In the social sciences the reverse of this appears to 
be true. In either field, the controversial part is what is generally called news. Science 
Service, to be of much value to the non-technical public, must present non-controversial 
knowledge. It does no good to present the regions of knowledge in which the best in- 
formed are still wandering in a maze. The social sciences. H. G. MouLtton.—The 
fundamental concern of social science is the devising of agencies and institutions which 
will bring continuous economic and social improvement. During the early development 
of economics, Adam Smith, John Stuart Nill, and others laid down certain principles 
which were looked upon by men of that and a later date to be the last word on political 
economy. More recently there has been growing a body of statistical data which, to- 
gether with the changes in the structure and organization of a rapidly evolving economic 
mechanism, has resulted in a decrease in the body of non-controversial material. The 
press. J. F. Fintey.—The continuum of events exists as a background for phenomena 
and when happenings occur in any region whatsoever, the events are there ready to 
give forth their testimony. But unless the journalist is there to hear what the events 
have to say, it will be buried so deep by the succeeding events that even the historian of 
the past is liable never to find it. Scientific progress today is so rapid and constitutes 
such real news that no paper can afford to ignore its contribution to human — 


G S. 
Science in the melting pot. F. H. Lorinc. Chem. & Ind., 51, 287-9 (Apr. 1, 
1932) -—The development of the concepts of relativity, indeterminacy, radioactivity, 
origin of the solar system, wave mechanics and metaphysics, has necessitated the recast- 
ing of the older ideas of science. E. R. W. 
How to prepare a patent application. R.E. Saptter. Chem. & Met. Eng., 39, 
444-5 (Aug., 19382).—This article contains suggestions to chemical inventors who pre- 
pare their own patent applications, so that it may be in proper form and satisfactory to 
the personnel of the patent office, to the courts, and to prospective purchasers. Sugges- 
tions cover the amount of expository material; necessary drawings; explanatory 
claims; outline of specifications, and emphasis on purpose. . W. H. 
The National Academy of Sciences. Science, 75, 543-6 (May 20, 1932); 566-8 
(May 27, 1932); 592-4 (June 3, 1932).—Papers presented at the Washington meeting 
on April 25, 26, 27, 1932. G. H. W. 
The Syracuse meeting of the American Association for the Advancement of Science 
and associated societies. C.F. Roos. Science, 76, 63-75 (July 22, 1932).—Report of 
the ninetieth meeting of the American Association at Syracuse, June ~~ 2 
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Principles of Chemistry. JosrerH H. Rog, 
Ph.D., Professor of Biochemistry, 
George Washington University Medical 
School. Third edition. The C. V. 
Mosby Co., St. Louis, Mo., 1982. 486 
pp. 39 Fig. 138 X 20cm. $2.50. 


This book includes laboratory experi- 
ments as well as the theoretical material. 
The number of pages devoted to theory 
are 320 and to experiments 136. Of the 
latter about 50 are left blank for notes. 
[For a review of the second edition, see 
J. Cuem. Epuc., 7, 216-7 (Jan., 1930).] 

It is written to provide an elementary 
course, primarily for nurses, who do not 
expect to pursue more advanced work in 
chemistry. The first part covers in a very 
brief way the material usually considered 
in the first semester of the ordinary college 
course. The remainder, about one-third, 
is devoted to organic chemistry. For 
those who have used previous editions it 
might be well to state that the book now 
has chapters on the periodic law, the struc- 
ture of matter, oxidation and reduction, 
and sections on the combining laws and 
ionization in relation to electron structure. 
The chapter on foods has been carefully 
revised. The organic part is devoted 
mainly to topics of interest to nurses as 
food, blood, milk, and metabolism. 

In a book of this kind it is very difficult 
to say what should be included. The 
author has chosen to devote only three 
pages to the halogens and six to the metals 
and their compounds. 

The laboratory part is a series of simple 
experiments, following the same order as 
the theoretical part, upon materials dis- 
cussed. It is unfortunate that the pub- 
lishers did not give more attention to the 
diagrams. Some of these would be much 
more attractive if drawn by an expert. 

The book is well written. The author’s 
style is pleasing and the subject matter is 
presented in an attractive manner. In 
addition to being a good text for a particu- 


lar group of students, it might well be used 
for supplementary reading in high-school 
or college work. 

C. E. WHITE 


UNIVERSITY OF MARYLAND 
CoLLEeGE ParRK, Mb. 


Laboratory Manual to Accompany Intro- 
ductory General Chemistry. HaroLp 
G. DIETRICH AND ERWIN B. KELSEY, 
Assistant Professors in Chemistry, Yale 
University. The Macmillan Co., New 
York City, 1932. x + 158 + 73 pp. 
17 Fig. 14 XK 22 cm. $1.00. 


As stated in the preface, the manual is 
designed to accompany Brinkley’s ‘‘Intro- 
ductory General Chemistry” and yet is 
capable of being adapted to the usual 
course in elementary chemistry. In rec- 
ognition of the trend toward qualitative 
analysis in connection with general chem- 
istry courses, a section on “elementary 
qualitative analysis’ is included, about 
one-third of the book being devoted to it. 

The number of experiments devoted to 
any subject is, in general, more than can 
be intelligently performed in the usual 
time allotted. A selection is therefore 
possible. In most cases a group of related 
experiments is preceded by an introduc- 
tory paragraph, pointing out the purpose 
of the experiments in the group, and fol- 
lowed by a list of review questions. Ex- 
cept in a few cases, the experiments are of 
the same general type found in laboratory 
manuals of general chemistry. In the 
demonstration of electrical conductivity, 
a voltmeter is used instead of the usual 
lamp. The set-up is especially good and 
makes possible a more accurate differentia- 
tion between different types of electrolytes. 

In general the experiments are well 
selected and clearly written so that stu- 
dents should have no trouble in following 
directions. Certain experiments are in- 
serted, however, for which no directions 


are given. This should be of especial 
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value, particularly to the better grade 
student, since it challenges his ability to 
think independently and to make prac- 
tical use of knowledge already gained. 
Mechanically the book is well arranged 
as to subject matter, well printed, and 
quite free from errors. 
Gro. W. SEARS 


UNIVERSITY OF NEVADA 
RENO, NEVADA 


Fixed Nitrogen. Harry A. CurTIS, 
Editor, with the collaboration of F. E. 
ALLISON, J. R. DIttey, W. L. Epwarps, 
P. H. Emmett, E. W. Guernsey, P. E. 
Howarp, H. J. Krase, N. W. KRaAsgE, 
C. H. KunsmMaAn, ALBERT R. MERz, 
WILLIAM H. Ross, AND RICHARD WIEBE. 
American Chemical Society Monograph 
Series, No. 59. The Chemical Catalog 


Company, New York City, 1932. 517 
pp. 82 Fig. 111 Tables. 15 X 23 
em. $12.00. 


This is a comprehensive treatise dealing 
with the distribution of the earth’s total 
nitrogen and the exposition of the scientific 
facts and theories of nitrogen fixation. 
Inasmuch as the authors have at some 
time been connected with the Fixed 
Nitrogen Research Laboratory (U. S. 
Dept. of Agriculture), it is in a sense a 
summary of the work that has been done 
or reviewed in the activities of the labora- 
tory. This alone is sufficient to vouch for 
its thoroughness and completeness. 

The sixteen chapters may very well be 
divided into three sections. The first four 
chapters constitute an introduction to the 
main theme of nitrogen fixation. They 
deal with the sources of nitrogen com- 
pounds, its fixation by living organisms, 
the winning of it from natural deposits, 
and its recovery from the distillation of 
coal. 

The discussion of nitrogen fixation is 
approached historically with a description 
of the commercial development of the 
various processes used in the past or now 
in use. Considerable space is given to 
the methods available for studying the 
activity of gases and of catalyst surfaces 
which play an important part in the vari- 
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ous processes of nitrogen fixation. Under 
the chapter headings descriptive of given 
methods is found usually another historical 
account of the commercial development, 
capacities, and costs, but quite properly the 
major attention is given to the funda- 
mental reactions involved and their im- 
provement or greater completeness. In 
dealing with ammonia synthesis, there is 
presented an admirable discussion of the 
kinetic relations involved in this process, 
together with the surface conditions of the 
catalysts used. It is likely that these 
pages in the future will be repeatedly and 
eagerly scanned by the technologists who 
are charged with the operation of ammonia 
plants. The teacher and casual scientist 
will likewise turn to them for a fuller 
satisfaction of the queries that arise from 
the remarkable development of this phase 
of industry. 

Two chapters are devoted to what 
ordinarily constitutes material given in 
works of reference, viz., the physical 
properties of the six gases encountered in 
nitrogen fixation and high-pressure technic. 
The technologist will, no doubt, welcome 
its inclusion while the general reader will 
page it over. The chapter dealing with 
the synthesis of urea is an excellent treatise 
of an interesting product that promises to 
use a part of the by-product carbon 
dioxide of the Haber-Bosch process. 

The concluding chapters of the book are 
concerned with the commercial outlets or 
applications of fixed nitrogen. Synthetic 
fertilizers are discussed in detail, flow 
sheets and sketches of the processes are 
given, and the reader may gain an excellent 
perspective of the expanding field into 
which these products are now going. Its 
future promise is unfolded in a statistical 
chapter dealing with the growth, costs, and 
prices prevailing in the industry. 

The book is a real contribution to 
chemical technology. It is surprisingly 
free from repetition when one considers 
Dr. Curtis’ statement that the editorial 
prerogative was lightly used. In the 
further exercise of the popular interest in 
nitrogen fixation and in the promised 
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growth of this industry the authors have 
rendered a distinct service. 
H. K. BENSON 


UNIVERSITY OF WASHINGTON 
SEATTLE, WASH. 


Annual Review of Biochemistry. Volume 
1. James Murray Luck, Editor, Stan- 
ford University. Stanford University 
Press, Stanford University, California, 
1932. vii + 724 pp. 15 X 22 cm. 
$5.00. 

The literature of the natural sciences 
has grown so fast in recent years as a 
result of productive research in all fields 
of scientific activity that most of us find 
ourselves buried today in the midst of 
technical and scientific journals. New 
publications are being created yearly to 
meet the demand of specialists. In fact, 
science has become so specialized that 
researchers and teachers find themselves 
submerged in an accumulating pile of 
scientific papers, and as a result it is now 
absolutely impossible to keep abreast of 
the times. One is practically compelled 
under present-day conditions to restrict 
his reading very closely to the confines 
of his own special field of work. Further- 
more, as science progresses there is no 
indication that this condition will be 
greatly improved in the future. 

For these reasons any reliable contribu- 
tion of the character of the one under 
review is welcomed by every worker in 
science. It is an extensive survey of a 
rapidly expanding field of scientific activ- 
ity covering many border lines of human 
interest, and the review serves as a 
scientific clearing house, so to speak, for 
the coérdination of the results of the 
many researches in biochemistry. The 
most significant contributions to the 
various subjects discussed have been 
reported by authors who have made 
important contributions, and have been 
distinguished for the character of their 
personal researches. 

While it is to be expected in such a re- 
view, covering so extensive a line of activi- 
ties, that some omissions might be de- 
tected, the attention has been centered 
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largely upon selected topics considered of 
major importance and significance, and it 
is the opinion of the reviewer that the 
survey is sufficiently comprehensive to 
properly cover the major lines of work. 

Some idea of the scope of the work 
reviewed by the different collaborators is 
indicated by the following list of subjects 
discussed: permeability, biological oxida- 
tions and reductions, enzymes, chemistry 
of fats, lipins and sterols, amino acids and 
proteins, metabolism of sulfur and phos- 
phorus, carbohydrates and _ glycosides, 
nutrition, vitamins, hormones, chemistry 
of muscle, liver, and bile, the brain and 
nerves, animal and plant pigments, ter- 
penes, saponins, chemistry of bacteria, im- 
muno-chemistry, and biochemistry of fungi. 

The review has been made possible by 
the advice and coéperation of a group of 
workers in this country and abroad. 
Acknowledgment is made in the preface 
of the book of a generous subsidy covering 
three years of the Review by Mr. Francis 
Garvan and The Chemical Foundation, 
and also for financial assistance from Dr. 
Richard J. Block. All the contributions 
are a response to a wide request for help 
and the editors have experienced difficulty 
in restricting their review to its present 
size. While such spontaneous codépera- 
tion is admirable, it does not seem neces- 
sary or practical to devote so much space 
yearly to such a review number. There 
is great danger here of duplication of 
effort. Biochemistry and organic chemi- 
stry are today so closely interlocked that 
many items in the present review might 
well have been omitted and more com- 
pletely discussed in a review of organic 
chemistry. For example, the chapter by 
Professor H. Fischer and F. W. Neumann 
does not do justice to a development in 
organic synthesis which is recognized as a 
classic contribution in organic chemistry. 
The chapter by Professors Karrer and Hel- 
fenstein on plant pigments is another case 
and is strictly a report of a development in 
pure organic chemistry, and does not neces- 
sarily find its true place in a biochemical 
review. 
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One of the most valuable features of the 
book is the extensive compilation of litera- 
ture references cited at the end of each 
chapter of the book. These citations are 
very complete and most helpful for all 
future workers. ‘The review as a whole is 
well written, neatly printed, and should 
find a place in every library where bio- 
chemical research is being promoted. 

T. B. JoHNSON 


YALE UNIVERSITY 
New HAveEN, Conn. 


Chemical Encyclopedia. C. T. KING- 
ZETT, F.I.C., F.C.S. Fifth edition. 
D. Van Nostrand Co., New York City, 
1932. viii + 1014 pp. 15 X 22 cm. 
$10.00. 


In his endeavor to keep abreast with the 
times the author has expanded his ‘“‘Chemi- 
cal Encyclopedia”’ to include nearly 1200 
new words not found in the fourth edition, 
and has enlarged it by more than 200 
pages. 

The work contains many rare words not 
found in the ordinary chemical dictionary 
such as; nitroxan, necol plastic wood, koka- 
seki, neutrons, ucuhuba oil, etc., together 
with a number of less common and re- 
cently coined trade names such as: ‘“‘N1- 
trapo,” ‘‘ Feculose,’’ “‘Kynazite,” ‘‘ Mianin,”’ 
“Ohmal,” ‘‘Persil,”’ etc. 

On the other hand one will look in vain 
for more common chemical terms, such as; 
neosalvarsan, atomic hydrogen flame, 
cementite, pearlite, hydrol, Jones reductor, 
carbamic acid, biuret, phytin, cicuta, 
cicutoxin, fluosilicic acid, sulfonium, ar- 
sonium, etc. 

The book contains no _ illustrations, 
about 10 tables, large and small, per 100 
pages, and almost no graphic formulas. 
Estimating that the book lists six thou- 
sand words, only four thousand of these 
are given any definition or description at 
the place listed. The remaining two 
thousand appear in the alphabetical tabu- 
lation by name only, together with refer- 
ence to some other word or periodical 
under which the word sought will eventu- 
ally be found if time and patience is avail- 


able to read through pages of extraneous 
matter till the term is encountered. To 
illustrate: Look up the word Centigrade, 
Under this word we find: See Heat. 
On the fifth page under Heat we find the 
Centigrade scale described. Then again, 
look for Coal Tar. Under this we find 
see Coal and Tar. Turn to Coal and read 
twelve pages before coal tar is incidentally 
mentioned, after which it becomes neces- 
sary to read the article on Tar as well. 

Following are a few words as listed, but 
which the reviewer feels should have been 
accorded descriptions in the places located: 
Cyanidation—See Ores (The Cyanide Proe- 
ess), Gas—See Coke Ovens, Gels—See 
Colloid Chemistry and Gelatin, Carbon 
Black—See Carbon, Aldhoses (sic)—See 
Carbohydrates, Halogens—See Elements, 
Alkaline Earth Metals—See Bases, Borax— 
See Boron, Ceramics—‘‘Pertaining to 
Pottery—See paper on Grogg,’’ etc. 
Charcoal—‘‘See M. S. Shah on Combustion 
of Charcoal, J. C. S. 1929,” Acid Eggs— 
See Data Sheets. 

Some erroneous or very unusual state- 
ments are found in the book, for example: 
Kelp, ‘‘the ashes of burnt sea weeds contain- 
ing sodium carbonate,” ete. Acidic, “In 
a modern view of electrons, acids are 
bodies which can part with a proton to 
bases.”” Water, ‘‘According to Armstrong 
(H. E.) water is a saturated solution of 
hydrone (OH2) at all temperatures.” 
Silicic Acid (Si(HO,)). The formula is 
erroneous and meta silicic acid (H2SiO,;) 
not given. Hydroxides, ““A term reserved 
for the compounds containing the group 
OH, e. g., KHO and AI(OH);.” It is 
quite common to find the hydroxyl group 
written HO. What about C;H;OH and 
CsH;OH? 

When the salts of a certain element like 
sodium are listed under that element, no 
alphabetical order is followed either with 
respect to name or formula; for example, 
sodium sulfocyanide comes before chlorate, 
and that before silico fluoride, and that 
before aluminate, etc. 

The reviewer feels that any work merit- 
ing the name Encyclopedia should treat, 
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in an exhaustive manner, a much larger 
number of topics than are dealt with in 
this work. Counting the number of 
words or topics found on 100 pages of the 
book, chosen at random, we find a total 
of 576, but of these only 15 contain de- 
scriptive material amounting to one page 
or more. For example, the Crignard re- 
agents that have proved so valuable for 
numerous advancements in organic chem- 
istry, and that merited a Nobel prize, are 
passed over with but one line of printed 
matter. The use of phenylhydrazine, to 
bring order out of chaos in the sugar 
group, as well as Wurtz’s reaction for 
synthesizing hydrocarbons are not even 
mentioned. Atomic structure is not 
listed, the Bohr theory given three lines, 
and the Lewis-Langmuir theory seven lines 
under Valencies. 

In conclusion the reviewer feels it his 
duty to point out another fact concern- 
ing this work that might well be a decisive 
factor for the American chemist, and that 
is Kingzett’s ‘Chemical’ Encyclopedia” 
is about 97% British. By that is meant, 
the immediate source of information is 
almost exclusively British periodicals. 
There are no references to German, 
French, Italian, Dutch, or Canadian 
journals, and scarcely any to the American 
journals. As evidence, the following 
summary of all the references found on 
100 pages of the work, chosen at random, 
was made: 


115 to J. of the Chemical Society Abstracts, 
abbreviated both B. C. A. and J. C. S. 
Abs. (British). 

96 to J. of the Society of Chem. Industry, 
abbreviated both Chem. & Ind. and 
J. S. C. I. (British). 

76 to The Chemical Trade Journal (Brit- 
ish). 

37 to The Industrial Chemist (British). 

29 to The Journal of the Chem. Society 
(British). 

25 to The Analyst (British). 

7 to The Journal of Industrial & Engi- 

neering Chemistry (American). 

4 to The Journal of the American Chemi- 

cal Society (American). 








RECENT BOOKS 2009 


3 to Nature (British). 

3 to The Times (British). 

2 to The Journal of Biological Chemistry 
(American). 

2 to Transactions of the Faraday Society 
(British). 

1 to each of ten other British trade 
journals and papers. 


It is not certain if the same ratio holds 
for all parts of the book, but it cannot 
be far afield, and if the above facts are of 
advantage or disadvantage, the reader 
himself must determine. The print is 
clear and there are exceedingly few typo- 
graphical errors. The publishers are to 
be congratulated on a splendid piece of 
work in both printing and binding. 

C. A. JACOBSON 


WEST VIRGINIA UNIVERSITY 
MorGANTOWN, W. VA. 


Elektrolyte. HANS FALKENHAGEN, Pro- 
fessor at the University of Cologne. 
S. Hirzel, Leipzig, 1932. xvi + 346 pp. 
104 Fig. 17. X 22.5 cm. Bound 
Rm. 24.80. 


The purpose of the text is to treat the 
developments in the field of solutions from 
a unified point of view and to show how 
the consideration of interionic forces has 
led to a more complete picture of electro- 
lytic solutions. 

An outline of the contents will indicate 
the scope of the book. Chapter 1 con- 
tains definitions; in Chapter 2 the theory 
of ideal dilute solutions is developed; 
Chapter 3 treats of Arrhenius’ theory of 
electrolytic dissociation and its applicabil- 
ity to solutions of strong and weak electro- 
lytes; Chapter 4 deals with the empirical 
activity theory of G. N. Lewis. In 
Chapter 5 anomalies in the conductance of 
strong electrolytes are discussed; in 
Chapter 6 it is shown that attempts to 
explain these anomalies without considera- 
tion of interionic forces must be discarded 
as unsatisfactory. In Chapters 7 to 10 
inclusive the effect of interionic forces is 
developed. It is shown how considera- 
tions of Milner, and particularly Debye, 
made possible the calculation of the be- 
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havior of strong electrolytes, as charac- 
terized by the square root limiting law. 
It is also shown how a consideration of 
interionic forces has predicted effects later 
discovered experimentally. In Chapter 
11 attempts at treatment of the problem of 
concentrated solutions are discussed. 
Polarization forces, dispersion forces, and 
solvation are considered, and the question 
of the actual degree of dissociation is 
brought up. Chapter 12, the final chap- 
ter, contains a brief review of the statis- 
tical theory of Fowler and Kramers, of 
which the Debye theory is a consequence. 
In the opinion of the reviewer, this first 
book on electrolytes since the Debye- 
Hiickel theory gives a clear and complete 
picture of the relationship between the 
classical theory and modern developments 
in the theory of solutions. No phase of 
the subject is neglected. Experimental 
methods and results are given. ‘‘Elek- 
trolyte’’ should serve admirably as a text 
for an advanced course in solutions. 
MARTIN KILPATRICK, JR. 


THE UNIVERSITY OF PENNSYLVANIA 
PHILADELPHIA, PENNSYLVANIA 


MISCELLANEOUS PUBLICATIONS 


Oregon State System of Higher Education. 
Published by the Oregon State System 
of Higher Education, Salem, Oregon, 
19382. 48 pp. 20 X 27 cm. 


This descriptive booklet has been pre- 
pared primarily for the information of the 
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high-school graduate who is seeking fur- 
ther education. It deals chiefly with the 
opportunities he will find in the Oregon 
State System of Higher Education for 
complete collegiate training. 


Faculty Inbreeding in Land-Grant Colleges 
and Universities. JoHn H. McNEELy, 
Division of Colleges and Professional 
Schools. U. S. Dept. Interior, Office 
of Education, Pamphlet No. 31, April, 
1932. U. S. Government Printing 
Office, Washington, D.C. (For sale by 
the Superintendent of Documents, 
Washington, D. C.) 25 pp. 


Record of Current Educational Publica- 
tions, January-March, 1932. U. S. 
Dept. Interior, Office of Education, 
Bulletin No. 13, 1932. U. S. Govern- 
ment Printing Office, Washington, D. C. 
(For sale by the Superintendent of 
Documents, Washington, D. C.) 108 
pp. $0.10. 


Biennial Survey of Education in the United 
States, 1928-30. Chapter III. Statis- 
tics of City School Systems, 1929-30. 
Prepared in the Division of Statistics. 
U. S. Dept. Interior, Bulletin 1931, 


No. 22. U. S. Government Printing 
Office, Washington, D. C., 1932. (For 
sale by the Superintendent of Docu- 
ments, Washington, D. C.) 231 pp. 
$0.15. 








“HSpsorqy }@ UINosn, JY 94} UI punoy aq Avu ZurzuUred [eurs110 a4uL 


(9891-9191) 4OLIM SVWOH], Aa « WOIMOLVAOEV’] WI LISINAHODTY,, 
424590 ‘ZY 4d1vy KsazanoD 


gn 





= | NO Sy 


no” Siisinal painting may be found in the Art M 


useum at Dresden. 








EDITOR’S OUTLOOK 


HEMISTS who read Sinclair Lewis’ ‘“‘Arrowsmith’’ ‘some years ago 

will no doubt still recall the emphasis laid by one of Atrowsmith’s 

research directors upon the necessity for complete, exact, and permanent 

laboratory notes. All chemists with any successful 

Laboratory Notes research experience have had to learn that lesson— 

and Why perhaps by precept or intuition but often, it is to be 
feared, by sad mischance. 

Can the routine training of undergraduate chemists be made to con- 
tribute toward the instillation of that lesson? Can laboratory courses 
be so arranged and the requirements for laboratory note-taking so laid 
down that students may come to look upon the notebook as representing 
something more than an arbitrarily imposed task from which a happy 
escape will eventually be made? Or does the laboratory course have 
other and distinct functions and should the spirit and technic of research 
experimentation be dealt with separately? 

These and related questions have presented themselves to Chairman 
Newell of the Division of Chemical Education and may form the basis 
for some discussion at a not-too-distant meeting. In the meantime we 
feel confident that Dr. Newell would lend a receptive ear to expressions 


of opinion touching on these points. 


OK, 


BVIOUSLY the average person is very much like other people— 
that is what makes him an average person. Just as obviously 
superior people are ‘“‘different.’”’ Through a middle-headed type of 
.._ reasoning, unfortunately all too common, some people trans- 
On Being : ; 

Different P°S* Cause and effect and arrive at the conclusion that by 
being different, superiority of a sort may be achieved. This, 
like mumps, is commonly an affliction of youth but age is not necessarily 
immune to it, and the older patient is likely to be the harder hit. It is 

too often overlooked that inferior people are also ‘‘different.” 

Some of what we have just said of people extends itself by implication 
to books, to teaching methods, to demonstration experiments, to courses 
of study—to what you will. To say that they are ‘different’ is not 
necessarily to recommend them. From what do they differ? And 
how? And why? 

We think highly of original minds and, considering the favorable 
connotation we usually attach to the term, we think rightly. But the 
fact remains that maniacs and half-wits are more commonly than not 
original in their ideas. Perhaps we would display greater respect for 
words and a keener insight into fundamental realities if we extolled 


independent rather than original minds. 
2011 
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It is of no avail to obey St. Paul’s injunction to “test all things” 
unless we also heed his direction to ‘‘hold fast that which is good.” 
We are not better (or wiser) than our fathers except in so far as we can 
add their accumulated wisdom and experience to our own. Briefly 
and vulgarly, we cannot be consistently original without consistently 
coppering the bets of a lot of very shrewd pickers. 


OX, 


NHERE is an old and oft-quoted recipe which begins: ‘First take 
your hare.’”’ Any system which aims at doing justice to the superior 
teacher, whether at the college or the secondary-school level, must set 
First Take itself a similar initial task. 
iene We all know a few superior teachers and we have some 
confidence that, given time and opportunity for observa- 
tion, we could discover more. But which of us would undertake to lay 
down specifications or criteria which would comprise a satisfactory 
touchstone in the hands of others less sapient and less dispassionately 
judicious than ourselves? 

Let us first turn to objective criteria. These are easily ascertainable 
and tabulatable and they admit of little or no error in personal judg- 
ment. But we find here a broken straw on which tolean. Dr. Doe and 
Dr. Roe both bear the degrees of respectable institutions, but here all 
similarity between them ends. Within a given period Dr. Blank pub- 
lishes some twelve titles comprising eight pounds, four ounces of printed 
matter; Dr. Einstein publishes about two pages—one title. In the past 
five years Professor-by-courtesy John Smith has vacationed pleasantly 
and none too arduously at three famous summer schools. Professor- 
also-by-courtesy Wm. Jones has toiled inconspicuously in his private lab- 
oratory, the university library, and his study. Need we go farther? 

If the burden of selection be laid upon the shoulders of dean or presi- 
dent we open the door to favoritism and to faulty or insufficiently in- 
formed judgment. And if the dean or president be indeed the reincarna- 
tion of Solomon, he will nevertheless be suspected of these weaknesses 
which he has not, with consequent damage to faculty morale. The 
theme is enlarged upon in a little note by Charles Rogers Hicks entitled, 
‘Bonuses for Pets.’’ |Sch. & Soc., 34, 834-5 (Dec. 19, 1931).] 

Shall we turn to the students? Is the average student a mature and 
competent judge of teachers? May not student popularity sometimes 
be based upon qualities which are actual defects? 

Probably we have here a problem to which there is no scientific answer; 
but we have also one to which some satisfactory practical answer must be 
found. 
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LIVING ORGANISMS AS CHEMICAL REAGENTS 


ARTHUR ISAAC KENDALL, DEPARTMENT OF RESEARCH BACTERIOLOGY 
NORTHWESTERN UNIVERSITY MEDICAL SCHOOL, CHICAGO, ILLINOIS 


The use of bacteria as chemical reagents is a field which is yet in its in- 
fancy but it holds great promise for the future. Bacteria have no brains, 
therefore they have no choice, and consequently under suitable conditions pre- 
sumably can make no mistakes. Taking advantage of this rather obvious char- 
acteristic of bacteria, they have been made use of for the detection and recogni- 
tion of certain carbohydrates. Through the choice of microbes and media, 
it appears to be possible also to ascertain with considerable precision the 
amounts of carbohydrate in organic mixtures that do not contain germicidal 
substances. 

Certain bacteria also produce certain substances during their growth which 
are very potent in their actions on animals and on man. Taking advan- 
tage of physiological apparatus, a procedure for the isolation and tdentifica- 
tion of one of these, histamine, has been described in some detail. Also 
information concerning the action of aldehydes upon histamine has been dis- 
cussed, primarily with the view of illustrating the adaptability of microbic, 
physiological and pharmacological procedures to the solution of certain problems 
of medical interest. No attempt toward completeness of discussion has been 
made; rather the objective has been to point out by a very few specific cases the 
versatility of bacteria and to suggest some of the uses to which a well-standardized 
library of microbes may be put. 


Late one afternoon in November, 1924, a physician, a friend of mine, 
dashed into the laboratory and said, ‘‘I am in great distress. My wife is 
about to be confined. She appears to be in good condition, but just a few 
minutes ago the doctor in charge of her case found a reducing substance in 
her urine. It may be either lactose, in which case it is physiological and 
has no sinister significance, or it may be glucose, in which case dire conse- 
quences may follow. All the chemists are gone, and a diagnosis must be 
made within the next few hours. My wife’s happiness, perhaps even her 
life hinges upon the identification of this substance. Do you know of any 
rapid, certain method for distinguishing between glucose and lactose in 
urine? Can you help me?” 

The problem so abruptly presented is readily understood. It is to dis- 
tinguish between glucose and lactose, and to determine which, or both, are 
present in the urine of this patient. 

A sample of freshly passed urine was obtained. Its reaction was prac- 
tically neutral. Tested with Fehling’s solution, it showed a considerable 
reduction, confirming the previous observation and indicating that there 
was sufficient reducing substance present to give a satisfactory fermentation 
reaction if either glucose or lactose were present. The urine was passed 

2013 
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through a Berkefeld filter to remove adventitious, non-filter-passing 
microbes and the filtrate was distributed at once into four sterile fermenta- 
tion tubes. Three of these were inoculated, respectively, with authentic 
cultures of B. alcaligenes, B. proteus, and B. coli [these organisms grow well 
in urine]. The fourth was uninoculated. It served as a control upon 
technic. The four tubes were incubated at body temperature over night. 
Early the next morning they were examined. The control tube was 
clear; no visible growth had taken place. There appeared to be no organ- 
isms present. It gave astrong reduction with Fehling’s solution. Evidently 
no significant chemical change, due to manipulation, had taken place. 

The tube inoculated with B. alcaligenes was very turbid, and had a 
rather pronounced ammoniacal odor. The reaction was quite alkaline. B. 
alcaligenes ferments no sugars. Reduction with Fehling’s solution was still 
present. The tube containing B. proteus also was very turbid due to the 
rapid growth of bacteria. It had a strong odor of ammonia, and it was dis- 
tinctly alkaline, even to litmus paper. It also reduced Fehling’s solution. 
The last tube, infected with B. coli, was also turbid, indicating good growth 
of the bacteria. The reaction of the urine in this tube, unlike the previous 
ones, was very distinctly acid to litmus paper. At the top of the closed 
arm of the fermentation tube there was an accumulation of gas, which had 
displaced the liquid. It was a mixture of CO, and He which together with 
the acid had been produced from the fermentation of the sugar by B. coli. 
The Fehling’s test still showed a faint trace of reducing substance, decidedly 
less than that elicited from the other tubes, however.* 

A diagnosis of lactose was made, with no evidence of admixture of glucose 
in significant amount. The patient was delivered at the proper time 
with no complications and made an uneventful recovery. Apparently the 
normal course of delivery confirmed the chemical discrimination of the 
microbes, or possibly vice versa. 

The principle involved in the differentiation between glucose and lactose 
in this urine just mentioned is a fundamental one in bacteriology. It de- 
pends upon the fact that bacteria, requiring suitabie nitrogenous nutritives 
for their structural requirements, can utilize, each after its kind, a variety of 
substances for their energy needs. The immediate application of this 
principle to the problem under consideration is set forth in the following 


table. 


Glucose Lactose 
B. alcaligenes No fermentation No fermentation 
Fermentation : 
B. proteus | Aebd anid dae eutdnded No fermentation 
B. coli Fermentation } Fermentation 
f Acid and gas produced | Acid and gas produced 


* Not all of the lactose was fermented during the few hours the experiment was 


carried on, apparently. 
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The urine contained nitrogenous substances, suitable for the growth 
of the organisms, and in addition lactose which is fermented by B. coli, but 
neither by B. proteus nor by B. alcaligenes. It is a general microbic law 
that bacteria that can utilize carbohydrate or certain carbohydrate-like 
substances for their energy needs will in presence of suitable nitrogenous 
nutritives act preferentially upon these carbohydrates, producing therefrom 
fermentation products which are acidic in character. Some bacteria evolve 
gasas well. If fermentable substances are not present, the organisms must 
derive their energy needs as well as their structural requirements from the 
nitrogenous constituents of their nutritive environment.* 

In the urine containing lactose but no glucose, both B. alcaligenes and 
B. proteus were forced to utilize the nitrogenous constituents both for their 
structural requirements and their energy needs. Hence the reaction of this 
urine in which they were growing became progressively alkaline, due to 
liberation of ammonia. B. coli on the other hand, fermenting lactose, 
utilized this fermentable carbohydrate for energy needs and liberated 
therefrom both acid and gas. Hence the diagnosis of lactose was, in light 
of the outcome of the experiment, clearly justified. The subjoined table 
shows the essential details. 


Inoculum Urine: Reaction after 18 Hours’ Incubation at 37°C. 
B. alcaligenes Alkaline 
B. proteus Alkaline 
B. colt Acid, with evolution of gas 


It was essential to include B. alcaligenes in the microbic series to provide 
a control against B. proteus in the event that a small amount of glucose 
was admixed with the lactose, because if glucose had been present in addi- 
tion to lactose, the tube containing B. proteus would have shown at least a 
small increase in acidity due to the fermentation of the glucose, depending 
upon its amount, and the series then would have been somewhat as follows 
after incubation: 


Inoculum Urine: Reaction after 18 Hours’ Incubation at 37°C. 
B. alcaligenes Reaction alkaline, reduction of Fehling’s solution marked 
B. proteus Reaction slightly acid, little or no gas generated. Reduction of 
Fehling’s solution moderate 
B. coli Reaction acid, gas generated. Reduction of Fehling’s solution 


slight or negative 


Chemists who are confronted with this problem of differentiating between 
small amounts of glucose and lactose in urine will appreciate the delicate, 
unerring discrimination of microbes for these two carbohydrates whose 
solubilities, optical rotation and reducing power are so much alike, espe- 
cially in dilute solution containing so many alien substances as does urine. 


1 KENDALL, ‘‘Bacterial Metabolism,” Arch. Path., 12, 95 (1981). 
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It has been known for at least three and a half decades that certain 
bacteria that ferment glucose, but not lactose, produce an initial acidity, 
followed by the gradual development of an alkaline reaction when they are 
inoculated into fresh milk. Theobald Smith? first called attention to the 
phenomenon, and Jones*® produced evidence that seemed to indicate the 
probability of the existence of this small amount of glucose as a natural 
constituent of milk. Inasmuch as the blood contains about 0.1 per cent. 
of glucose in solution, it is perhaps rather to be expected that this propor- 
tion of glucose should be found in the lacteal secretion. Using the same 
procedure as that applied to the urine, microbes have, therefore, ap- 
parently shown that fresh cow’s milk does indeed contain a small amount 
of glucose (about 0.1 per cent.) in addition to the much greater proportion 
of lactose (about 5 per cent.), an observation that has even today not 
been included in most current texts on physiological chemistry. 

These two instances are illustrative of a very considerable field in which 
the activities of a carefully controlled library of bacteria may be drawn 
upon to afford information of the presence and the nature of small amounts 
of carbohydrate-like substance in presence of larger amounts of dissimilar, 
but difficultly removed conflicting substances. Thus, the identification of 
sugars in mixtures, the recognition of sugars among the products of break- 
down products of complex compounds, as nucleins, and even the rate of 
transformation of sugars in the Lobry de Bruyn-van Eckenstein‘ rearrange- 
ment may be followed, through the selection of a set of bacteria having 
suitable fermentation reactions. It is essential to realize that enolization is 
not an essential step to fermentation, however, else these exquisitely fine 
distinctions between closely related carbohydrates, as glucose, fructose, and 
mannose, could not be demonstrated by the microbic chemist. 

A very pertinent question intrudes here: how delicate and how precise is 
this method for detecting, identifying, and estimating the amounts of 
carbohydrates in solution by microbes? It has been determined that as 
little as 0.001 per cent. of certain readily fermentable sugars may be de- 
tected® under favorable conditions. This amount is equivalent to one one- 
hundred-thousandth of a gram per cubic centimeter. The method is quite 
rapid: usually the result can be had within six hours after incubation is 
started. The identification of carbohydrates and certain carbohydrate 
derivatives that are water-soluble is a field that has not been thoroughly 
explored, but enough has been done to indicate that the microbic chemist 
is often a very trustworthy and fairly rapid appraiser of at least certain 


2 Smit, Boston J. Med. Sci., 2, 236 (1897). 

3 Jones, J. Infectious Diseases, 15, 357 (1914). 
4 Rec. trav. chim., 14, 203 (1895). 

’ KENDALL AND IsHrKAwA, J. Infectious Diseases, 44, 282 (1929). 
6 KENDALL AND YOSHIDA, tbid., 32, 335 (1923). 
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types of carbohydrates, whose physical constants may be quite closely 
alike. It is often not necessary actually to isolate the substance,’ provided 
no germicidal or utilizable reagent has been used during the preparation. 
This same method is applicable, not only to the detection and estimation 
of certain mixtures of carbohydrates as indicated above, but also to the 
rate of hydrolysis of complex sugars and the recognition of their hydrolytic 
products.® 

Within recent years, attention has been directed toward the biological 
aspects of the utilization of sugars in the animal body. Hitherto the 
end-products of this utilization alone had been studied. Quastel® in a 
remarkable series of studies has shown that ‘‘resting bacteria’”’ in contact 
with the particular substrate desired will induce changes therein that seem 
to represent the initial stages of breakdown that subsequently go to com- 
pletion. ‘Resting bacteria” may be defined as “bacteria harvested at the 
height of their growth, washed free from adherent cultural constituents, 
and suspended in sterile salt solution. They retain their activity, but little 
impaired, at ice box temperature for a week or more. ‘Resting bacteria’ 
initiate changes in substrates which they, as proliferating bacteria, would 
subsequently use for their energy requirements. The initial changes thus 
induced in substrates are not associated with proliferation of the organisms; 
they occur under conditions of time, temperature, and environment which 
preclude growth. The substrate thus initially altered is conceived of as ina 
state peculiarly adapted to rapid utilization by the organisms for energy.’ 
Quantitative studies of the action of certain types of ‘‘resting bacteria” 
upon glucose, lactic, and pyruvic acids, and methyl glyoxal and alanine"! 
have revealed several interesting phenomena hitherto undescribed which, 
if confirmed, will afford new paths for a study of the complex intermediary 
metabolism of microérganisms. Similar studies may confidently be ex- 
pected to illuminate corresponding actions in the human body. A recent 
summary of the activities of ‘‘resting bacteria” by Quastel!? contains much 
additional information concerning the chemical metabolism of intermediary 
microbic metabolism. 

The utilization of nitrogenous substances for energy requirements by 
bacteria, and the effects of fermentable carbohydrates upon their metabo- 
lism has brought forth some interesting and theoretically important facts 
which have bearing upon many fields of microbic activity. Perhaps one of 

7 KENDALL, J. Infectious Diseases, 32, 362 (1923). 

8 KENDALL AND YOSHIDA, tbid., 32, 369 (1923). 

® QuUASTEL’s earlier work will be found chiefly in the Biochemical Journal, 1924— 
1927 and a brief summary of this will be found in the Journal of Hygiene, 28, 139 
(1928). 

10 KENDALL AND ISHIKAWA, J. Infectious Diseases, 44, 282 (1929). 

11 KENDALL, FRIEDEMANN, AND ISHIKAWA, tbid., 47, 186-248 (1930). 

12 QuASTEL, Ergebnisse Enzymeforsch., 1, 209 (1932). 








FicurE 1.—Dertairts or CLamMp DESIGNED TO 
ADJUST THE WRITING LEVER TO THE SMOKED PAPER 
OF THE KYNOGRAPH 


The vertical motion is by rack and pinion; the 
horizontal motion is by rotation around the supporting 
rod. A limited rotation of the lever is imparted by the 
upper left-hand screw. 


exemplified in the following brief tabulation. 


18 THEOBALD Situ, J. Exp. Med., 4, 373 (1899). 


p. 59. 
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the more striking illus- 
trations will be found in 
the metabolism of the 
diphtheria bacillus. It 
has long been known 
that the most sinister 
substance produced by 
B. diphtheriae in the 
human body is a water- 
soluble toxin which, when 
absorbed into the body, 
causes the principal 
symptoms of the disease 
diphtheria. So potent is 
this toxin that as little 
as 0.001 cc. of a broth 
culture may kill a 250- 
gram guinea pig under 
standard conditions. 
Theobald Smith’ found 
that small amounts of 
glucose would diminish 
or prevent the formation 
of diphtheria toxin and 
now it is known that the 
explanation lies in the fact 
that the diphtheria ba- 
cillus, utilizing the nitrog- 
enous constituents of cul- 
ture media for energy, 
form the toxin, whereas 


if glucose is available, the organisms will utilize it for energy in preference 
to the nitrogenous constituents, producing therefrom not the terribly potent 
toxin, but lactic acid, the chemical basis of buttermilk. This Dr. Jekyll 
and Mr. Hyde aspect of bacteriology,'* the formation of toxins or noxious 
products from the utilization of nitrogenous substances for energy by 
bacteria, and the production of lactic acid or other harmless fermentation 
acids when the organisms have available utilizable carbohydrates, is well 


14 KENDALL, “Civilization and the Microbe,” Houghton Mifflin Co., Boston, 1923, 
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Nutrient Broth + Utilizable 


Organism Nutrient Broth Carbohydrate 
B. diphtheriae Diphtheria toxin No toxin. Lactic acid 
B. coli Indol No indol. Lactic acid, COz and He 
B. proteus Soluble proteolytic enzyme No active enzyme. Lactic acid, CO. 
and He 


Many other illustra- 
tions could be quoted, 
but the general principle 
involved is sufficiently 
indicated. Like all bio- 
logical phenomena, how- 
ever, there are exceptions 
to the general principle 
that bacteria utilizing 
carbohydrates or carbo- 
hydrate-like substances 
for energy produce only 
innocuous substances. 
One of the well-known 
bacteria, which became 
peculiarly formidable as 
the principal incitant of 
gas gangrene during the 
World War, is B. Welchii. 
The organism has various 
names, each adhered to 
tenaciously in one or an- 
other country. It is com- 
mon in dust, soil, and the 
intestinal tracts of man 
and animals. It forms 
highly resistant spores, 
and these, entering 
wounds, often set up the 
rapidly spreading, crepi- 











FIGURE 2.—THE WRITING LEVER Is SHOWN IN PosI- 
TION TO MAKE A RECORD ON THE SMOKED DRUM 


The water-bath to maintain body temperature, 
and the connection with the strip of intestine are shown. 
The brace rods to reduce vibration are essential for 
accurate experiments. 


tant oedema which takes terrible toll of lives in infected wounds of warfare. 
It was soon found in the World War that the symptoms induced by its 
presence were accompanied by one of two sets of symptoms; with and 
without profound shock.'® A study of several strains of gas bacilli re- 
vealed the fact that many of these produced a soluble, heat-resistant sub- 
stance which induced abrupt, histamine-like contractions in isolated, 


6 See CANNON, ‘‘Traumatic Shock,” D. Appleton & Co., New York, 1923, pp. 152-3. 
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surviving strips of guinea- 
pig intestine’: others 
had no such action. 

This powerful, smooth 
muscle-contracting sub- 
stance has subsequently 
been isolated and identi- 
fied as histamine.'’ The 
observation was subse- 
quently confirmed by 
Shiraishi." The interest- 
Fioure 3.-ConrrRaActTiONn ELICITED IN A STRIP OF ing fact, aside from the 


Gurnea-Pr1e Intestine BY tHE ApprTion oF 0.05 Ce. demonstration of the two 
or A 48-Hour CuLtrurr oF HISTAMINE-PRODUCING “We: 
, ‘ types of Welch bacilli, is 


B. Welchii ‘ , ; 
The bath held 150 ce, hence the dilution was that histamine is pro- 
actually 1:3000. duced from the nitroge- 
nous constituents of 
media simultaneously with the active fermentation of carbohydrate. It is 
surmised that the histamine is formed from histidine by the action of an 
enzyme, carboxylase, produced by the Welch bacillus during the fermen- 
tative process. It is interesting to note that Kojima’ has reported a 
‘poisonous substance’ of undetermined composition in certain cultures of 
the organism grown in ordinary glucose media, though he did not find 
it in his gelatin-glucose cultures, even after a month’s incubation. It is 
well known that gelatin 
is deficient in the aro- 
matic amino acids, among 
others, histidine; hence 
this observation is con- 
sistent with the foregoing 





facts. 
rhe procedure through 
which this histamine-like 





substance was first de- 
tected, then isolated in a 


Figure 4.—CoONTRACTION ELICITED IN THE NEXT 


state of purity forchemi- — Succegprnc Srrip or GuingA-PIG INTESTINE TO THAT 
cal study, presents some SHOWN IN Ficure 3, By 0.5 Cc. OF A SOLUTION 
: ConTarninG 0.05 Mc. HistaMINE PER Cc. 


»0ints of interest in that ‘ pate : : 
I - Z The contraction is of about the same intensity as 
the armamentarium of that of Figure 3. 


%® KENDALL AND Scuitt, J. Infectious Diseases, 39, 250 (1926). 
KENDALL AND GEBAUER, tbid., 47, 261 (1930). 

'S SarrarsHl, Jap. J. Exp. Med., 9, 613 (1931). 

* Korma, Z. Immunitiisforsch. exp. Therap., 37, 203 (1923). 
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physiology was drawn 
upon to assay the cul- 
tures of the Welch bacil- 
lus for the presence and 
activity of the reactive 
substance, and for its 
detection and estimation 
in various steps of the 
purification process. It 
is perhaps not too opti- 
mistic to state dogmati- 
cally that without this 
application of physiologi- 
cal procedure to the 
problem, the histamine 
would not have been 
suspected. 

The first experiment 
consisted in adding 0.1 cc. 
of a 48-hour milk culture 
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FIGURE 5.— UPPER CuRVE ELICITED WITH EGG WHITE 
IN A STRIP OF INTESTINE FROM A SENSITIZED GUINEA- 


ILEAL END. LOWER CuRVE, CORRESPONDING 


CONTRACTION ELICITED AT THE DUODENAL END 
The difference in reactivity of the two segments 


to the same reagent is quite marked. 


of a strain of B. Welchii, isolated from the intestinal contents of a patient 





FIGURE 6.—CONTRACTION ELIc- 
ITED BY HISTAMINE AND RE- 
LAXED BY FORMALDEHYDE 


having symptoms of carbohydrate intol- 
erance associated with hypotension” to a 
bath containing 125 cc. of Tyrode solution, 
in which was suspended a strip of small 
intestine from a guinea-pig, attached to 
a lever. The essential details and ar- 
rangement of the bath, intestinal strip, 
and recording lever are those of the well- 
known Trendelenberg technic.”!_ Certain 
refinements conducive to better adjust- 
ment of the writing lever to the drum of 
the kymograph have been made, shown in 
Figures 1 and 2.* 

A vigorous, sustained contraction en- 
sued almost instantly. This was re- 
peated several times, with consistent 
results. Evidently, therefore, there was 


20 KENDALL, J. Am. Med. Assoc., 86, 737 (1926). 

21 TRENDELENBERG, Arch. exp. Path. Pharm., 81, 53 (1917). 

* The writing lever clamp has adjustment in three planes, together with a limited 
rotation about its axis to permit of very accurate tracings. Figure 2 shows the clamp, 
together with bracing rods to reduce vibration, applied to the Miller kymograph. 
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a potent, physiologically active substance in the milk, generated during 
the growth of the gas bacillus, because uninoculated milk even in relatively 
large amounts was wholly without action upon the intestinal strip. A con- 
siderable series of experiments revealed the fact that not all strains of the 
Welch bacillus produced this reactive substance. Also, strains varied in 
their potency. From the fact that as little as 0.05 cc. of a 24-hour culture of 
active Welch bacilli in milk would elicit the contraction, it was surmised 
that the substance was histamine-like in its general characters. Some addi- 
tional confirmation was had from the fact that as little as 0.08 cc. of milk 
culture per kilogram of dog would lower blood pressure upon intravenous 
injection. Purification of several liters of milk culture, through a procedure 
related elsewhere,"’ finally yielded a small amount of crystalline substance 
which was determined to be histamine picrate by analysis of the nitrogen, 
carbon, and hydrogen. 
The important detail to 
be borne in mind here is 
the use of the strip of 
guinea-pig intestine as a 
measure of the complete- 
ness of separation at the 
various steps of the hista- 
mine fraction from the 
residues. Apparently, 
the intestinal indicator 
does for the isolation of 
histamine from mixture 


FicuRE 7.—ConTRACTION ELICITED IN A SENSITIZED what the fluoroscope 
Strip OF GUINEA-PIG INTESTINE BY EGG WHITE : : 
RELAXED BY FORMALDEHYDE does in the concentration 





of radium from crude 
ore. The response of the guinea-pig intestine to smooth muscle con- 
tractants has been found to be fairly quantitative: comparison of the 
unknown amount with standardized solutions gives close approximation 
to the correct amount of reactive substances in the unknown solution, 
provided alternate lengths of guinea-pig intestine are used (see Figs. 
3 and 4). It is important to remember that the first 5-6 centimeters 
of the duodenal end are relatively less reactive than the ileal and jejunal 
segments (see Fig. 5). 

These experiments with histamine led very naturally to two other similar 
lines of investigation. It was found, for example, that histamine contrac- 
tions,** and those induced by anaphylaxis,”* in guinea-pig intestine were 
mutually relaxed by formaldehyde (see Figs. 6 and 7), suggesting a 


22 KENDALL AND SHUMATE, J. Infectious Diseases, 47, 267 (19380). 
23 KENDALL, tbid., 40, 689 (1927). 
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certain parallelism which had 
additional confirmation from 
the fact that in a strip of in- 
testine from a guinea-pig 
sensitized to egg white, as 
little as rauo0 ce. of egg 
white (see Fig. 8), would in- 
duce a characteristic contrac- 
tion.22 This was found to be 
quantitative.** These ex- 
periments do not prove, of 
course, that histamine is lib- 
erated in acute anaphylactic 
shock, but they do suggest, 
in view of the fact that both 
histamine and the substance 
appearing during acute ana- 
phylactic reaction are readily 
removed by washing, leaving 
the intestinal strip unim- 
paired, that there are analo- 
gies that cannot be over- 
looked between the two sub- 





FIGURE 8.—CONTRACTION INDUCED IN A 
stances. Strip OF INTESTINE FROM A SENSITIZED GUINEA- 


Th i- Pic By Ecc Waite, DiLuTED ACCURATELY 
e second type of experi 1:95,000 ‘Tres 


ment relates to the relaxation ; a 

: : . The final concentration of egg white in the 
of contractions induced in §Tyrode bath [150 cc.] was 1:3,750,000. This 
guinea-pig intestine by iste Tgeton xt oe ee cn 
mine and by the anaphylactic inducing effect. 
reaction by certain aldehydes. 

If anilin and formaldehyde are brought together in the test tube a rather 
sudden and often vigorous reaction occurs, of which the chemistry is not 
wholly agreed upon. If, on the other hand, glyceric aldehyde and anilin 
are mixed, nothing happens. Using the guinea-pig strip as an indicator, as 
outlined above, and histamine or the anaphylactically induced contraction 
as the incitant of the contraction, it was found feasible to test the effects 
of several aldehydes upon these contracted strips, to see which ones would 
induce relaxation. The amounts of aldehydes used were insufficient of 
themselves to alter the state of the intestine, visibly at least, and it was 
surmised that the relaxation would be reasonably construed as a reaction 


between amine [histamine] and aldehyde. 


24 KENDALL, ALEXANDER, AND Ho.tmgss, J. Infectious Diseases, 41, 137 (1927). 
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A study of the following aldehydes both answers certain objections that 
cannot be discussed in the brief compass of this article and illustrates a 
possible relationship between the structure of the aldehyde and its reac- 
tivity with at least certain primary amines. 


CH,OH pecan CH; H CH; CH; 
| | | | 
CHO CHOH aa CHO CHO CHOH 
i 
CHO CHO CH, 
CHO 
Glycol Glyceric Methyl Formalde- Acetalde- Aldol 
aldehyde aldehyde glyoxal hyde hyde 


The first three aldehydes, glycol, glyceric, and methyl glyoxal, have no 
relaxing power for histamine or anaphylactically induced contraction in 
guinea-pig intestine: formaldehyde, acetaldehyde, and aldol, on the con- 
trary, relax such histamine and anaphylactically induced contractions. It 
should be stated that the aldehydes of the methane series up to and in- 
cluding heptaldehyde, which is nearly insoluble in water, all relax histamine 
contractions even when they are present in very small amounts.”* A com- 
parison of the formulas of the effective and the non-effective aldehydes will 


reveal at once a real difference between the two groups. The inactive . 


aldehydes, glycol, glyceric aldehyde, and methyl glyoxal all have an oxygen 
atom next the aldehyde group. That the oxygen atom next the aldehyde 
group is in some manner responsible for the non-reactivity of the aldehyde 
group for the primary amine group is indeed true appears to have confirma- 
tion both from the fact that the formaldehyde-heptaldehyde series, which 
have no oxygen atoms other than the CHO group, are uniformly reactive, 
and that aldol, which has an oxygen atom /wice removed from the alde- 
hyde group, will also reduce contractions induced in guinea-pig intestine 
by histamine. Glyoxal, pe is almost without activity. Returning 
CHO 
for a moment to the initial statement that anilin reacts vigorously with 
formaldehyde and apparently not at all, in the cold at least, with glyceric 
aldehyde, the parallelism with the histamine-aldehyde reactions becomes 
quite obvious. It should be stated that histamine reacts readily in the 
test tube with formaldehyde, forming thereby an inert compound, having 
no action upon guinea-pig intestine. The analogy with the anaphylacti- 
cally induced contractions in guinea-pig intestine has more than academic 
significance. Using the cathode ray oscillograph,*:** it has been possible 
to study by much more delicate methods the same general types of reaction 


2 BISHOP AND KENDALL, Am. J. Physiol., 85, 546 (1928); 88, 77 (1929). 
°6 KENDALL AND BISHOP, ibid., 85, 560 (1928). 
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and the agreement of the results achieved by the latter procedure with the 
former both with regard to histamine and anaphylactic contractions, 
and their reactivity with aldehydes would seem to be of more than adven- 


titious agreement. 

Bacteria are illustrative of Nature’s method of achieving results: a 
monotonous multitude of oft-repeated blows over a period of time is much 
more effective than an occasional earthquake. The fertility of the soil, 
the fixation of nitrogen in the nodules of leguminous plants, the preserva- 
tion of ensilage and milk by lactic fermentation, and many other benefi- 
cent activities are but a few indications of the important part microbes 
play in the economy of Nature. Man is slowly learning to harness this 
cheap, effective, and non-complaining form of energy to do his work in 
many different fields. A time must surely come when the layman will 
comprehend how closely civilization and the microbe have been interlocked 


since the dawn of history. 


Cw, 


ETHICS IN HIGHER EDUCATION 


A generation or two ago much American big business was on a low ethical plane. 
Whether it was railroad financing, life insurance exploitation, adulteration of foods, 
army contracts, or importation of contract labor to undermine decent standards of liv- 
ing, the ways of much American business would not stand critical inquiry. 

There were extenuating circumstances. Many business leaders were self-made, 
with little education or opportunity in early life to acquire outlooks and standards, ex- 
cept from the provincial group in which they grew up. But conditions have changed. 
Here and there a self-made leader heads a great industry, but to a large and constantly 
increasing extent industry is directed by college-bred men. 

College years are the most creative period of a person’s life. If a normal young 
man is then exposed to an environment in which high purpose is dominant both in theory 
and in practice, he generally will become infected with that purpose, and to a large degree 
his later life will be controlled by it. 

To no small extent the temper of American business is college-made. Its ethical 
level is unquestionably on a higher plane than a generation or two ago, yet when unex- 
pected stresses of the depression exposed to public view the inner workings of many 
business organizations, the frequent evidence of irresponsible speculation, of exploita- 
tion, of false representations to the public, and of cynical disregard for public interest, 
have been disillusioning. 

Our universities and colleges are not without responsibility for this condition. 
Ethical commitment is not inborn. It is a product of education and example. At few 
times are young men and women so susceptible to the call of high purpose as during the 
college years. If a college sees its work as chiefly concerned with the training of the in- 
tellect, and if ethical discrimination and purpose receive but casual and incidental inter- 
est, the best possibilities of college will not be realized —Antioch Notes 








SOME ASPECTS OF CATALYSIS 
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In its broadest sense, catalysis is the speeding or direction of chemical 
change, whereby a relatively small quantity of a substance, the catalyst, 
determines, under certain conditions, the building up or the breaking down 
of relatively large numbers of molecules or molecular complexes. The 
catalyst functions somewhat like a judge, uniting in the bonds of chemical 
or electrostatic matrimony selected particles that come within its jurisdic- 
tion, or else severing the bonds that bind others, and continuing its active 
term for a long time, if not indefinitely. 

The ordinary ‘‘zipper’’ or ‘‘talon’”’ closure, now in common use on bags, 
tobacco pouches, arctics, sweaters, and similar articles of clothing, has a 
“‘key,’’ which, when drawn in one direction, massages the opposing “‘hooks’’ 
into a position where they engage each other and hold firmly. Reversing 
the motion of the key, the opposing hooks are disengaged, and as the key 
slides along, the closure is opened. The action of the key is analogous to 
that of a catalyst and, in fact, as was shown by Croft-Hill as far back as 
1898,! the action of catalysts may be a reversible one. He worked with an 
enzyme, yeast maltase, and built up from dextrose a disaccharide, at first 
thought to be maltose, but later shown to be isomaltose. 

The analogy with the ‘‘key’”’ may be carried farther. There is a mechani- 


cal specificity between the key and the hooks which it can influence. At ° 


temperatures approaching the softening points of the metal comprising 
the key or hooks, we would expect the opening and closing processes to 
fail. Prolonged use of the key might wear it to such an extent that it 
could no longer function, so that there would be some limit to the number 
of hooks which any key could open and close. Again, an adhering bit of 
solder, or paint, or chewing gum might prevent the key from moving, or 
some deformation of the hooks might hold it fast. In like manner, cata- 
lysts are specific in their action, and have a “‘life.”’” They may be worn 
out, temporarily or permanently masked, or poisoned. 

Protagonists of the various views as to the nature of catalysis will, I 
think, all agree that close-range attractions between particles of any kind, 
be they electrons, protons, atoms, molecules, or small molecular groups, are 
consequent upon the outwardly directed unsatisfied residual electrostatic 
fields of force, emanating ultimately from the protons and electrons whose 
complexes constitute the chemical elements of which molecules and larger 
particles are made. Berzelius, to whom we owe the term catalysis, an- 
ticipated this aspect, for he said? keenly: 

It is then proved that several simple and compound bodies, soluble 


and insoluble, have the property of exercising on other bodies an 
action very different from chemical affinity. By means of this action 


1A, Crort-Hi1x, J. Chem. Soc., 73, 634 (1898). 
2 BerZELIuS, Jahresberichte, 15, 237 (1836). 
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they produce, in these bodies, decompositions of these elements and 
different recombinations of these same elements to which they them- 
selves remain indifferent. 

This new force, which was hitherto unknown, is common to organic 
and inorganic nature. I do not believe that it is a force quite in- 
dependent of the electrochemical affinities of matter; I believe, on the 
contrary, that it is only a new manifestation of them; but, since we 
cannot see their connection, and mutual dependence, it will be more 
convenient to designate the force by a separate name. I will there- 
fore call this force the catalytic force, and I will call catalysis the 
decomposition of bodies by this force, in the same way that one calls 
by the name analysis the decomposition of bodies by chemical affinity. 


Most books on catalysis distinguish between homogeneous catalysis, 
occurring in homogeneous dispersions, and heterogeneous catalysis, which 
occurs at demonstrable interfaces. A moment’s consideration will show, 
however, that since gases and liquids consist of discrete particles (atoms, 
molecules, or groups of these), ail catalysis is essentially heterogeneous. 
In gases and liquids we simply reach a limiting case in the degree of dis- 
persion of the catalyst and/or reactants, so that the temporary or transient 
intermediate groupings of catalyst and reactants are, in these cases, gener- 
ally stoichiometric, and may be regarded as unstable chemical compounds. 
As catalysts become complex and appear in larger and still larger masses, 
the sharp definiteness of chemical combination between catalyst and re- 
actants begins to give way to the dominance of specific electronic surface 
contours of the catalyst, which represent a mosaic of the outwardly directed 
unsatisfied electronic fields of the atoms and molecules in the active inter- 
face. The sharp definiteness of stoichiometric relations tends to be re- 
placed by a statistical or mosaic average relationship, which may at times 
simulate some stoichiometric compound. The X-ray spectrometer should 
be helpful in differentiating between the two classes of compounds, though 
this will be largely a matter of our own definitions, rather than of any basic 
natural difference. 

But whether the fixation be regarded as adsorption or as chemical com- 
bination, the electronic fields of the fixed particle adjacent to the catalyst 
surface will be materially modified by the fixation, with the result that a 
redistribution of electronic charges must take place, whereby the outwardly 
directed fields of the particle present to the milieu an electronic contour 
quite different from what existed before fixation. If this new type of 
specific interface is capable of attaching to itself some other particle, 
we are confronted with two possibilities: (1) if the first and the second 
particle both remain fixed at the catalyst surface, activity there ceases; 
(2) if, in the readjustment of electronic fields of the three units concerned, 
the bond between the catalyst and the now duplex particle breaks, while 
the bond between the united particles continues to hold, the duplex particle 
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will be set free into the milieu, all surfaces involved undergoing a readjust- 
ment of their fields. The behavior just described would result in a syn- 
thesis; but a reversal of the process would result in a breaking-down ca- 
talysis, or analysis. It is, of course, quite possible that corresponding re- 
actions could be brought about if both reacting particles are fixed at the 
catalyst surface, side by side, or, in the case of an analysis, if adjoining parts 
of the particle undergoing splitting were both subjected to electronic distor- 
tion by the catalyst. 

The diagrams in Figure 1 illustrate the mechanism described. 

Because of the complicated and thermolabile structures both of catalysts 
and of the substances on which they act, this simple diagram is merely in- 
dicative of the gross joining or severance of any two particulate units by a 
catalyst. In any actual practical case we are confronted with the effects 
of many other factors, e. g., variations in the surface contour of the catalyst 
and of the reactants yielding areas of optimum and of null activity, the 

resence of myriads of potentially 

A B AtB AB C. th particles, of diluent mole- 


Ct cules of the dispersion medium 
e) (» @) (solvent, air), and of effective 
“impurities” (promotors, poisons). 


From what the spectroscope re- . 


veals regarding the numerous, ex- 
On QO {}} tensive, and specific activities in 
the internal kinetics of atoms at 

Ab A. 8 


high temperatures, we are justified 
in believing that even at lower 
temperatures a considerable por- 
tion of the energy of thermal agitation is absorbed within atoms and 
molecules, producing specific changes in the energy positions of their con- 
stituent electrons. No doubt the energy thus absorbed bears a most in- 
timate relation to the specific heat of any substance. 

Apart from the internal electronic activities of all particles, which may 
result in different outwardly directed fields of force even in the case of iden- 
tical molecules, we must also consider the kinetic motion, both rotational 
and translational, of the particles regarded as units; and this applies to the 
catalyst itself, if it consists, not of fixed surfaces, but of free-moving par- 
ticles, as in the case of enzymes, or colloidal metals, or labile molecules. 

Temperature is an important factor in catalysis; but what we measure 
and call the temperature of any system represents an integration of the 
kinetic activities of all its constituent particles over a period of time 
sufficient to affect some recording instrument (thermometer, thermopile). 
During this interval, and indeed at any instant, the internal electronics and 
the particulate rotation and free path motion of individual particles will be 


FIGURE 1 
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widely different. The activities of any one particle will vary widely from 
one instant to another. The question naturally arises as to whether we can 
speak of any individual particle as having any measurable temperature, or, 
in fact, any lasting temperature at all. At any instant, only a portion of 
the particles would exist in a state of ‘‘excitation’’ permissive of certain 
specific changes. It is interesting to note that various types of radiation 
(light, X-rays, ultra-violet rays) may produce marked internal particulate 
activation without determinable increase in temperature. 

Perforce, we rely on statistical averages in our measurements of the net 
results of catalysis as well as of temperature, but a correct understanding of 
the mechanism whereby these results are attained is essential to the con- 
trol of the operative factors. The average wealth per capita is no measure 
of the efficiency of a government or of the happiness of its people, for some 
different distribution might lead to greatly increased total wealth and in- 
dividual happiness. 

When a particle approaches a catalyst, two aspects are of outstanding 
importance: (1) the momentary electronic contour of the surfaces in ap- 
position; (2) the particulate kinetic velocity of translation and of rotation. 
The former is evidently determinative of the possibility of union, and so is 
the latter, as may be illustrated by a simple observation. 

In the course of an address at the Toronto meeting of the British Associa- 
tion for the Advancement of Science (1924), Sir Ernest Rutherford illus- 
trated the effect of positively charged atomic nuclei upon positively charged 
alpha particles emitted by radium by swinging a magnet suspended from 
the ceiling toward another magnet fixed on a table, the positive magnetic 
poles being opposed. The mutual repulsion of the like poles made the 
swinging magnet take a parabolic path in any off-center approach. Toshow 
the relatively rare recoil which occurs when an alpha particle directly hits 
an atomic nucleus, Sir Ernest took careful aim—but the swinging magnet 
passed completely over the fixed one, probably giving a slight ‘“‘jump”’ as it 
did so. Quickly retrieving the moving magnet, he swung it again from a 
lesser distance, and the expected recoil occurred. 

We thus see that if a certain critical velocity is exceeded, particles which 
have the power of cohering may not cohere even on close approach. In 
catalysis, apart from the rotation and the angle of approach of particles or 

surfaces, the particulate velocity of kinetic translation is obviously vital. 
With increase in thermal agitation the total number of encounters between 
catalyst and reactant areas likewise increases, with the tendency to in- 
crease the number of fruitful encounters. When, however, the temperature 
of the system reaches a certain point, the increasing average particulate 
velocity reaches a point where the number of unfruitful encounters domi- 
nates, and the catalyst efficiency per unit of time fends to diminish. The 
word ‘‘tend” is used advisedly, for there are other intercurrent factors 
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influencing the thermal optimum in catalysis; e. g., internal changes in 
catalyst, reactants, and end-products which may lead to particulate dis- 
ruption or decomposition; the extent to which the reversibility of the 
catalytic reaction may be influenced. Another group of factors are those 
affecting the degree of dispersion of reactants, and in some cases of the 
catalyst. These vary from the grosser deflocculations effected by protec- 
tive colloids (glue, gum arabic) or by specific salts (silicates with clay, 
calcium chloride with glue, thiocyanates with cellulose) and the finer col- 
loidal or quasi-molecular dispersions accompanying changes in pH, illus- 
trated by the following epitome of some of the work of The Svedberg: 


A number of proteins have been found to be monodisperse (homo- 
geneous with regard to molecular weight). They can be divided 
into two groups: the first group containing the proteins with molecular 
weights from 34,500 to 208,000 and the second group proteins with 
molecular weights of the order of millions (the hemocyanins). The 
proteins of the first group fall into four classes: with molecular groups 
1, 2, 3, 6 times 34,500. Each of these monodisperse proteins has a 
fairly wide pH-stability region including the isoelectric point of the 
protein. Measurements of the molecular weight and of the sedimen- 
tation constant at different pH values show that the isoelectric point 
is not a singular point. It is never situated in the middle of the 
stability region but always more or less shifted in the direction of low 
pH values. 

The protein molecules containing more than one group of weight 
34,500 are as a rule dissociated into molecules of lower number of 
groups of 34,500 when the pH of the solution is raised over a certain 
value. Thus the proteins of molecular weight 6 X 34,500 split up 
into molecules of 4, 4, and % of the original molecule but never into 
molecules of } or ; of the original. This is in line with the fact that 
proteins possessing these latter weights at or near their isoelectric point 
have not been met with. At a sufficiently high alkalinity all pro- 
teins have the same molecule weight, viz., 34,500. 

These integer submolecules of a certain protein are electrochemically 
identical with the original molecule (proved by electrophoresis experi- 
ments carried out by A. Tiselius). On the other hand, chemically 
different proteins having molecules of the same weight are electro- 
chemically different (A. Tiselius). 

If we continue to raise or to lower the pH of the solution we finally 
arrive at a point where the molecule is completely broken down into 
fragments of low molecular weight, and of an electrochemically dif- 
ferent behavior. This complete decomposition is in many cases re- 
versible, 7. e., if the mixture is restored to a pH situated within the 
stability region molecules of the original weight are built up again 
out of the fragments. 


In conclusion, it might be pointed out that a proper understanding of the 
mechanism of catalysis may elucidate many of the mysteries of living 
matter and of life itself. Thus, a catalyst which could catalyze its own 
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formation (an autocatalytic catalyst) would have to be considered as being 
alive, at least potentially. The smallest living units we now know, genes 
and the smaller ultrafiltrable “‘viruses,’’ approximate the size of large 
molecules or small molecular groups. In addition to the power of self- 
duplication or autocatalysis, they also possess the power of directing other, 
and generally many other, chemical changes. Within each chromosome 
which the microscope reveals in every germ cell, lie a multitude of genes, 
those highly specific, exceedingly small catalytic and autocatalytic units 
which determine into what the germ will develop, given suitable environ- 
ment—a rose or a sunflower, a mouse or an elephant. Viewed as carriers 
of heredity, gene catalysts constitute the most precious substance in the 
world. 


Cw, 


FEDERAL CHEMISTS SHOW HOW ACIDS DAMAGE PAPER 


Acids, even in minute quantities, cause papers to ‘‘age” and deteriorate so that they 
crack when folded. To libraries and to governmental and business offices which must 
preserve written and printed records for long periods, this aging of papers has been a 
problem of importance never satisfactorily solved. 

Federal chemists have demonstrated that hydrochloric acid and sulfuric acid cause 
the deterioration of paper. When chlorine compounds are used in bleaching paper pulp 
hydrochloric acid may form in the finished product unless the pulp is washed clean. 
Aluminum sulfate is generally used in sizing paper and if present in excessive quantities 
will cause deterioration of the finished product. Tests by workers in the Bureau of 
Chemistry and Soils, Washington, D. C., show that no matter how carefully made or 
how good the original fibers may be, the paper must be virtually free from acid or it will 
not endure. For permanence excess chemicals should be washed out of the paper pulp 
and only the minimum quantity of alum should be used in sizing. 

Acid in paper has long been suspected of causing deterioration, but little systematic 
work has been done to prove the harmful effect of mineral acids. These investigations 
by T. D. Jarrell, J. M. Hankins, and F. P. Veitch of the U. S. Department of Agriculture 
included tests of strong unsized all-rag bond paper. This paper showed practically no 
decrease in strength after being artificially aged by heat for 336 hours at a temperature of 
100°C. Varying small quantities of aluminum sulfate, sulfuric acid, and hydrochloric 
acid, respectively, were incorporated in the paper which was then artificially aged by 
heating for 72 hours at 100°C. (the temperature of boiling water). Tests of folding 
endurance, bursting strength, and tensile strength tests showed that of the three chemi- 
cals hydrochloric acid was the most destructive, as little as 0.029 per cent. acid in the 
paper causing 22 per cent. loss in folding endurance, and 0.040 per cent. causing a loss in 
folding endurance of nearly 100 per cent. 

Sulfuric acid present in as small quantities as 0.033 per cent. caused about 19 per 
cent. loss in strength as measured by folding endurance, while 0.074 per cent. decreased 
the strength about 99 per cent. Aluminum sulfate had practically the same effect as 
sulfuric acid when the active acidities were the same. 





CHEMICAL RESEARCH: A FACTOR OF PRIME IMPORTANCE 
IN AMERICAN INDUSTRY* 


CHARLES M. A. STINE 
E. I. pu Pont DE Nemours & Co., INc., WILMINGTON, DELAWARE 


In recent years the progress of American industry has been greatly ac- 
celerated by the application of research; in fact, it has become one of the funda- 
mentals of industrial progress. Most of the research work carried out by 
industry has been applied research, using the background of fundamental 
knowledge created largely by scientists working in university laboratories. 
This background of fundamental knowledge must be continually enlarged in 
order to insure future progress. Industry has recognized its responsibility 
for fundamental research both by conducting fundamental research itself, 
and by coéperating with our educational institutions. Continuity of research 
is essential if it is to be successful. While in times of depression the nature 
of the problems may alter; nevertheless, the advantage of an experienced, well- 
trained research organization is well recognized by industry, and as a rule 
unusual efforts are made to avoid the dismemberment of proved research organi- 
zations. 


Ours is an industrial civilization. Today we speak of the steel industry, 
the oil industry, the automobile industry, the textile industry, the rubber 


industry, the dye industry, the glass industry, the fertilizer industry, and ° 


so on. Taken collectively, these industries, for the most part inter- 
dependent, constitute what we know as American industry. The material 
welfare of our people is in a large measure dependent upon the success of 
American industry. 

What is, today, the popular conception of the fundamentals of American 
industry? Not so many years ago it was the popular belief that the 
fundamentals of big industry consisted of large aggregations of capital, 
large numbers of skilled workmen, and keen business guidance. To be 
sure, the availability of capital, workmen, and keen business guidance are 
factors of fundamental importance in the scheme of modern industry, 
but an analysis of American industry reveals another fundamental factor 
of prime importance which, even now, does not always receive the recogni- 
tion which it merits—namely, scientific research. 

I will venture the assertion that the present-day efficient operation of 
every important branch of what we consider American industry is founded 
on the application of the results of scientific research. The point I wish to 
make is that American industry made use of the results of scientific re- 
search long before it ever conceived the idea that it had any responsibility 
for financing the fundamental research which has made industrial progress 
possible. 

* Address delivered at the dinner tendered by President Joseph S. Ames to Donors 
to the National Fellowship Plan of The Johns Hopkins University, April 29, 1932. 
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Codperation between science and industry is not a matter of long stand- 
ing; even today industry is just awakening to the fact that the financing of 
fundamental research is justified and is, perhaps, fundamental to the suc- 
cessful continuance of both industry and research. Admitting the premise 
that American industry is founded on the application of scientific principles 
which are the result of scientific research—to whom is modern industry 
indebted for its scientific foundations ? 

Industry, in its beginnings, made no pretense of supporting scientific 
work; in fact, it looked askance upon any scientific discovery and ridiculed 
the scientific workers. Yet the early scientists, in the face of incredible 
handicaps, studied and observed natural phenomena. Men desiring to 
study the phenomena of nature, and, with what we would call in modern 
parlance ‘‘a scientific bent,”’ journeyed to a few great cities of that day 
in order that, by living together in the same cities, they might come into 
contact with one another for discussion and study. This really was the first 
application of our modern university methods and eventually resulted in 
the development of those earliest institutions of learning which we now 
know as universities. Men of a scientific bent began to band themselves 
together into societies in order to correlate their work, and finally scientific 
universities were actually established. For many years all the pure science 
research was carried out in the universities founded under the auspices of 
these early scientists, and our present-day developments are but extensions 
of the basic knowledge created in those days. 

The names of Priestley, Faraday, Liebig, Wéhler, Galvani, Lavoisier, 
Pasteur, Gibbs, Rowland, for example, are now intimately connected with 
fundamental knowledge used in many industries, but the industries of their 
day had little to do with their researches, and had it not been for the 
opportunities afforded them to carry on fundamental research work in the 
scientific universities, these great contributions to knowledge would prob- 
ably not have been made, at least not in their day. 

Research workers in pure science, until the last decade or two, were 
classed as ‘‘dreamers.’”’ The executives who controlled the purse strings of 
industry, the most of them at any rate, did not even conceive of the truth 
that a scientific ‘‘dreamer’’ could render a service which would produce 
anything but an expense item on the balance sheet. But industry was, 
even then, reaping the rewards of such fundamental scientific research 
as Faraday’s work at the Royal Institution which resulted in the develop- 
ment of the electric generator, and the work of Liebig at Giessen and the 
University of Munich upon which the science of agricultural chemistry, 
as well as the fertilizer industry, is founded. The results of Wohler’s re- 
searches at Gottingen have had a profound influence on the development 
of our inorganic chemical industry; Schénbein’s discovery of guncotton, 
at the University of Basle, resulted in the establishment of another indus- 
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try; and the coal-tar dyestuffs industry, as well as the whole organic chemi- 
cal industry, is but an extension of the fundamental researches and dis- 
coveries of such men as Liebig, Perkin, and Kekule, and many others whose 
work was all carried out in university laboratories. 

So I say that it is to these early scientists and to our scientific universities 
that modern industry is indebted for much of the fundamental scientific 
knowledge upon which it is founded. It is further true that in later years, 
in some of our American universities, fundamental research has been 
carried out which has been of incalculable benefit to industry, but industry 
has had no part in initiating or financing the original work, except as uni- 
versities have been endowed by philanthropists of broad vision, who may 
themselves have accumulated fortunes in industry. 

The scarcity of opportunities for fundamental chemical research, even 
in the time of our own Ira Remsen, is illustrated by his experiences. He 
was a true scientist, and upon his return from Germany about 1872 he sought 
a position where he might fulfil his life’s ambition to carry on pure scientific 
research. In Remsen’s own words, ‘‘there were few such places in America 
and most of them were filled.” He finally secured a position as professor of 
chemistry and physics at Williams College, but the opportunities for 
research in this position were few, most of his duties being confined to the 


routine work of teaching. Remsen felt that his real opportunity for: 


fundamental research came with the opening of The Johns Hopkins Univer- 
sity in 1876, when President Gilman offered him the professorship in 
chemistry. He says, ‘‘President Gilman’s injunction was simply this: 
‘Do your best work in your own way.’ What could be finer? I bought all 
the apparatus I wanted and all the books I wanted. A simple laboratory 
was built. I had but three or four students and we went to work. Now 
I am well aware of the fact that chemistry was not revolutionized as a 
result of our efforts, but we made a start in a new direction.” 

The significant conclusion to be drawn from the remarks of Remsen, 
which I have just quoted, is that in 1876—fifty-six years ago—no oppor- 
tunities for research work existed in American industry. 

The penetration of science into industry, its progress toward becoming 
an integral part of industry, took the form of the employment of a chemist 
or physicist or two after a suitable argument had been presented to the 
management that the employment of a specially trained man might be a 
good gamble. The work of these technologists was restricted to the solu- 
tion of problems requiring immediate attention. Their suggestions for 
anything new, requiring radical changes in processes or equipment were 
considered highly impractical—at the most their work consisted of the 
scientific control of existing processes and products, and industry was still 
in the position of depending upon our scientific institutions to carry on all 
the fundamental research work. 
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As time went on, industry began to realize the benefits of science and 
became more and more willing to apply science to its problems; that is 
to say, industry was gradually learning more readily to capitalize the 
scientific discoveries of the research workers in pure science. 

Then came the creation of a few industrial research laboratories in which 
scientific work of a high order was carried on. But what a transformation 
the application of this scientific research has wrought in American industry. 
Literally thrust upon industry fifty years ago, it has entirely revolutionized 
our whole industrial set-up, and today it is a factor so fundamental to the 
successful operation of American industry that it is common knowledge 
that the industrial concern which pays the most attention to its research 
activities is the most likely to pay the best return on its invested capital. 

There are today no less than sixteen hundred industrial laboratories, 
large and small, busily engaged in connection with the application of 
science to the problems of the particular industries which they serve. I 
shall not stultify the intelligence of this select audience by attempting any 
detailed recitation of the facts concerning the amazing progress which has 
resulted from the acceptance of science as a regular employee of industry. 
Suffice it to say that the leaders of industry today are convinced of the 
fundamental importance of research. 

For the most part, however, the research which has been carried out by 
industry has been applied research. By applied research I mean research 
directed toward specific products and processes in industry. The impor- 
tance of applied research will not diminish, for it has been through the aid of 
applied research, utilizing the background of fundamental knowledge, 
that industry has reached its present high state of development. But that 
background of fundamental knowledge must be further increased and en- 
larged if our present rate of progress is to be maintained. For this reason 
the need for fundamental research is becoming increasingly apparent. 
Fundamental research, as compared with applied research, is characterized 
by its freedom from restriction, both as to aim and method. This sort of 
work is undertaken with the object of establishing or discovering new 
scientific facts. It is thus distinguished from what may be called applied 
research, which applies previously established scientific facts to the solution 
of practical problems. 

The problem which presents itself to the management of our industrial 
concerns in connection with fundamental research is that of effectively 
conducting it. It is true that while the larger industrial concerns can 
afford to employ men of advanced training and furnish the highly special- 
ized apparatus and equipment which is often required, the smaller concerns 
are not in a position to finance such an undertaking, in view of the uncer- 
tainties involved. A few of the larger industrial concerns have inaugurated 
programs of fundamental research as a part of their research activities, but 
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for the most part all pure science research, even today, is carried out in the 
laboratories of our universities. 

A great many of our universities are equipped with the facilities for 
carrying on pure science research and a limited number of truly research- 
minded masters are available to direct this research. The progress of the 
search for new scientific truths in university laboratories thus equipped is 
impeded as much by the paucity of properly trained personnel as by any 
other single factor, not even excluding the availability of sufficient funds. 
But the availability of a sufficient number of adequately trained researchers 
turns upon the opportunity for the acquirement of such training. This 
has resulted in codperation between certain industries and universities in 
connection with the selection of a curriculum designed to yield the de- 
sired training, and in many instances industry has further codperated 
by making available funds in the form of fellowships and scholarships for 
advanced research work in our universities. 

For a period of thirteen years since 1918, the du Pont Company has 
coéperated with our universities for the purpose of advancing fundamental 
research and for the purpose of developing and training personnel, pri- 
marily to promote the advancement of science. The du Pont Plan has 
also had in mind the encouragement of young men to continue their re- 
search work by making available unrestricted fellowships so far as the 
choice of subject for research is concerned. It is in this latter respect 
that the du Pont Fellowships have differed from many industrial fellow- 
ships, since the researches carried out by du Pont Fellows have not been 
restricted to subjects directly connected with du Pont industries. From 
1918 to November 1, 1931, two hundred ninety-eight fellowships and thirty- 
eight scholarships have been awarded to thirty-one institutions of learning 
at a total cost of $235,850.00. For the academic year 1932-33, twenty-six 
fellowships and two scholarships, distributed among twenty-four different 
universities, have been authorized. In addition, the Company is sponsor- 
ing a National Fellowship at Johns Hopkins for a four-year period at a cost 
of $1000.00 per year. 

It is my feeling that industry has been prone to place too much emphasis 
on applied research at the expense of fundamental research, and, even to- 
day, in industry the proper balance has perhaps not been struck between 
these two branches of research work. 

Now the factor of research in industry, to be effective, must function 
continuously. Spasmodic efforts are expensive and the rewards of re- 
search are not reaped from such a program. In order to insure the con- 
tinuity of research work, a broad appreciation of the fundamental impor- 
tance of this type of work is required on the part of the management. Then, 
too, the continuous selection and training of the personnel to carry on re- 
search work is one of the first requirements to insure the results to be ex- 
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pected from a continuous program of research, and this phase of the 
problem involves coéperation by our scientific universities. 

The question as to the justification for research expenditures in periods 
of business depression and reduced earnings is one which looms large in the 
minds of the business leaders responsible for the finances of industry. 
Although it has become necessary in these times of economic stress for 
the managers of industry to prune expenses severely, it is gratifying to 
note that the pruning shears of industry, in a great many instances, have 
cut their research forces sparingly, as live branches which they believe 
will bear fruit. In this connection I should like to quote from an address 
by F. B. Jewett before the American Petroleum Institute on ““‘The Place 
of Research in Industry”’ as follows: 


fake wails dal The research laboratory has proven itself time and 
again to be the saving factor in what might otherwise have been a 
very unpleasant situation. 

So it is that in times like the present a great many industries 
regard their research laboratories as the last place in which to apply 
economies through cuts of one sort or another. In my own industry, 
which has suffered with other industries during these past couple 
of years through a recession of business, we have held steadfastly 
to the idea that we must in every way possible avoid doing anything 
which will curtail the ability of our research organization to function 
at maximum capacity. Such a point of view on our part, and which 
is merely the outgrowth of past experience, does not mean that we 
have continued to expand our research department; nor does it mean 
that we are continuing unchanged our consideration of the same 
kind of problems that we were concerned with two or three years 
ago. What it does mean is that we are doing everything we can to 
avoid losing any of our trained scientific personnel, and that we are 
doing everything we can to transfer their activities from the problems 
of an expanding business period to the type of problems which will 
most directly benefit our situation in these depressed times or most 
surely benefit us in the years ahead when, as we all hope, the sun of 
prosperity will again be shining. 

While none can of course say what the future has in store, or what 
the inexorable forces of unforeseen situations may compel us to do, I 
can only say that so far we have been successful in holding the situa- 
tion without any cut in our research personnel. 


It has appeared that one of the characteristics of industry is the violent 
upheaval which it undergoes at almost regular intervals. For the past two 
years industry has been suffering under the blight of an unusually severe 
economic depression. The causes of this depression are in part under- 
stood, but the remedy is less well understood. The assistance of leaders 
skilled and experienced in industrial management has been enlisted to a 
greater degree, probably, than ever before in order to restore economic 
balance and prevent industrial chaos. 
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What about the factor of research? What part does it play in an 
economic situation such as the present one, and what should be the attitude 
of industrial management toward research at such atime? Some otherwise 
well-informed people, in attempting to analyze the cause of the depression, 
have pointed an accusing finger at science. The claim is made that the 
intense application of science to our industries has caused a great deal of 
what has been termed “‘technological unemployment.’’ The proponents 
of the theory that technological unemployment is responsible in a large 
measure for our economic ills would have us believe that there is a line of 
demarcation which should be drawn at the point where the benefits of 
science are eclipsed by the evils of unemployment which result from the 
application of science to industry. It is true that the mechanization of 
industry has caused temporary adjustments in employment from time to 
time, but it is safe to say that the causes of the present widespread unem- 
ployment situation are by no means the culmination of a series of scientific 
developments. I have said that the availability of large numbers of work- 
men is a fundamental factor in the operation of American industry and 
I have also said that chemical research is a fundamental factor, and these 
two fundamental factors do not work at cross purposes. The welfare of the 
American workman has never been jeopardized by the application of 
chemical research to American industry. On the contrary, the new indus- 
tries that have resulted from chemical research have created employment 
for large numbers of all types of workmen. I have in mind the develop- 
ment of such industries as the dye industry, the rayon and Cellophane 
industries, the modern paint and varnish and lacquer industries, the fixation 
of atmospheric nitrogen, the petroleum industry, the synthetic resin indus- 
try, the rubber industry; and the science of chemistry has had much to 
do with the many developments in the automobile industry, the electrical 
industry, the steel industry, the food-packing and preserving industry, 
and a long list of other American industries, the scientific development of 
which has created such a vast number of new jobs. 

The depressed conditions existing in American industry today are due 
to the operation of certain economic laws, the same laws that have caused 
previous depressions; and while the accusation of science as a contributing 
factor to these depressions is not new, we have records of very serious 
business relapses which occurred long before any one thought of applied 
science as a possible cause. The belief, which has gained some prevalence, 
that applied science is a chief contributor to the present economic depres- 
sion is, of course, quite unfounded. There is no line of demarcation where 
the benefits of science become eclipsed by the evils produced by science. 
To suggest that the momentum of our efforts in scientific research be 
slackened as an economic measure for the benefit of industry and its work- 
men is to suggest retrogression. The strongest weapon against the forces 
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of economic depression at the disposal of American industry is research. 
Let us not become bewildered by our temporary economic plight, for we 
are just now on the threshold of a new era of progress which will be based on 
scientific research, provided such destructive forces as national extrava- 
gance engendered by selfish political blocs, international envy, hate, sus- 
picion, and covetousness can be curbed. There is, fortunately, some reason 
to hope that the too-free distribution of the national wealth upon non- 
productive expenditures, and the multiplication of municipal and state 
and federal bureaucratic expenditures are beginning to be recognized as a 
great, nation-wide menace. Not merely municipal bankruptcy, but na- 
tional, can grow out of the continued effort to support a vast host upon the 
efforts of the fraction of the population actually engaged in the creation 
of new goods through manufacture and agriculture. 

Chemical research is one of the factors in American industry which 
can most be counted upon, through the development of new processes and 
new products, new demands and new industries, to create much more new 
employment in the future. This chemical research, before it takes the 
form of industrial or applied research, has its roots in fundamental research. 
A. C. Langmuir, in connection with the American Chemical Society Award 
in Pure Chemistry, initiated by him, recently expressed himself as follows: 


Within recent years there has been a tendency for the industrial 
laboratory and government laboratories and privately endowed 
laboratories to draw research men from the universities so rapidly 
that it tends to weaken the research work done in universities; yet 
all these laboratories must ultimately depend upon the universities for 
their men whom they wish to find already trained for research. In 
the universities the men capable of doing research already receive 
too many inducements to undertake technical problems. Funda- 
mental research is usually undertaken through the initiative of the 


individual. 


One of the greatest services to mankind rendered by a university with 
proper research ideals is that of inspiring a young man to devote his life to 
fundamental research. Very often this takes the.form of the incubation 
of the thought in the young man’s mind by contact with the master of 
research with whom the young man happens to be associated in the relation 
of student and teacher. My wish for Johns Hopkins University is that 
this splendid university, founded upon the traditions of research, and 
inspired by the examples of great research workers, shall continue to 
develop among her young research workers, men willing and able to carry 
on her research traditions. If this wish shall be realized, new funda- 
mental discoveries from her research laboratories will serve not only to 
add new luster to her reputation, but will also contribute to the ameliora- 
tion of the health and living conditions of humanity. 
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STUDIES IN THE MINERAL AND CHEMICAL RESOURCES OF 
THE MOJAVE DESERT. III.* THE INSPECTION TRIP 


Park LovEjJoY TURRILL, GLENDALE JUNIOR COLLEGE, GLENDALE, CALIFORNIA 


America ts blessed with an abundance of two items of interest to those engaged 
in chemical education, 112., a wealth of natural resources of a chemical nature, 
and a diversified list of industries employing chemicals or chemical processes in 
the flow sheets of manufacture. Professors of chemistry may well ponder over 
the problem of maintaining and even increasing classroom interest in subject 
matter; they may indeed develop a professional attitude toward the subject by 
the inclusion of inspection trips to natural deposits and chemical industries as a 
regular part of the school program. Suggestions for the organization of the in- 
spection trip are included herewith, with directions for the lengthy excursion 
lasting a week, and traversing a thousand miles. 


Chemical Industries in Southern California 


The Mojave Desert Area, comprising some 30,000 square miles of South- 
eastern California and Southern Nevada, constitutes a portion of the 
“back country” of Los Angeles. It is a region richly favored by Nature in 
chemical depositions (1). Within the metropolitan area of the city itself, 
including Hollywood, Glendale, Pasadena, and the beaches, one may find 
several hundred industries employing chemicals or using chemical processes 
in the plant. This total is being increased in large measure every year by 
the opening up of branch factories of large eastern concerns on the coast, 
and by the establishment of new industries. An abundance of water and 
electric power, the ‘‘white coal’’ of the Sierra Nevada Mountains, cheap 
labor, trackage, rail and water transportation facilities and industrial sites, 
an all-year laboring climate and an ever-increasing supply of capital are 
partly responsible for this. Another reason is the tremendous increase in 
the consuming power of the people of Southern California, those residing 
in Los Angeles City and County alone numbering over 2,200,000. Most 
of these are concentrated in the metropolitan area. 


The Inspection Trip 


Both regions, the desert and the metropolitan districts—one with its im- 
mense chemical depositions and its modern chemical plants, the other with 
a diversified list of examples of chemical industries—constitute a fertile 
ground for the energetic instructor of chemistry who wishes to include in his 
syllabus something besides the old cut-and-dried topics and texts, lecture 
demonstrations, collateral reading, quizzes and laboratory problems, the 
usual number of slides, and the occasional drafting of a special speaker from 
industry or college for a night lecture. The inspection trip, weekly, 


* Part I appeared in J. Cuem. Epuc., 9, 1318-39 (Aug., 1932); Part 2, zbid., 9, 
1530-52 (Sept., 1932). 


2041 














2042 JOURNAL OF CHEMICAL EDUCATION  DksceEmmer, 1932 


monthly, semi-annually, or annually can then be organized with very profit- 
able results. The plan of the University of Chicago to include a talking 
picture on some appropriate subject once or twice a semester deserves care- 
ful consideration as a syllabus adjunct. 


Saturday Morning Inspection Trips 


When chemical industries are close by, within fifteen to thirty minutes 
drive of the campus, an inspection trip may well be substituted for a three- 
hour laboratory period once or twice a semester. Usually, however, 
such trips can better be scheduled on Saturday mornings. A highly or- 
ganized excursion may then be included in the Christmas or spring vacation 
period. 

Professor E. E. Chandler, head of the department of chemistry of 
Occidental College, employs the Saturday morning method extensively. 
He and his students have ‘‘covered”’ practically all of the principal chemical 
plants operating in the metropolitan area of Los Angeles. He makes as 
many as a dozen Saturday morning inspection trips per semester, and is 
thoroughly ‘‘sold’’ on the idea as a method of stimulating interest and 
increasing professionalism in the student’s attitude toward his major. 


History of Inspection Trips 


The idea of the inspection trip is not new. It has been used by professors 
for over fifty years in American and European colleges and universities, 
and is extensively used today by high-school teachers as well. Pioneering 
pedagogues of two decades ago had already blazed a trail. Sociology in- 
structors of 1910 took their classes to fertile fields for sociological study, to 
jails, reformatories, divorce courts, the slums, to social service institutions. 
Engineering classes inspected bridges, dams, canals, railroad construction, 
buildings built and in the process of being built and engineering projects 
of all kinds; afew chemistry men took care to show their classes those in- 
dustries where the laws of the science were actually being obeyed by a 
corporation which was showing something besides red ink on the books; 
botany, forestry, geology, biology, and geography instructors definitely 
scheduled, where conditions permitted, ‘‘field trips,” where the facts of the 
science were being daily demonstrated by Nature. One of the longest 
inspection trips ever programmed by an educational institution was 
sponsored by the Geology Department of Princeton University a few 
semesters ago—an excursion for their majors into the Rockies of Western 
Canada, covering a reported total distance of over 5000 miles. 


The Classroom and Its External Environment 


The progressive instructor is not content to teach facts and laws alone as 
they are presented in textbook or syllabus. He feels the need to tie in 
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that book knowledge with actual states and conditions as found in the world 
at large, the environment into which his students will shortly be thrown by 
graduation. Man’s eternal conquest of Nature is not carried on in the labo- 
ratory alone, or under the microscope’s eyepiece, or in the drafting room of 
the engineering office. A definite connection must be established be- 
tween classroom lectures and the actual state of affairs on the other side of 
the educational fence. 

And where Mahomet cannot go to the mountain, then the mountain 
must go to Mahomet, in the cellulose acetate form. For isolated inland 
schools, far from metropolitan centers, the motion picture, or later, the 
talking picture, must come to the classroom and bring the story, pictorially 
complete. 

A Philosophy of Chemical Education 

Changing ideals in educational processes call for new and improved 
methods. The Twentieth Century pedagogue is supremely interested in 
the training of the plastic mind of adolescent youth. One phase of the problem 
is the maintenance of an active interest not only in subject matter, but also 
in the subject itself. In science courses this is made easier because science, 
per se, is interesting to the average student. 

“By their fruits ye shall know them.’’ Chemistry’s sole defense is the re- 
sults it brings, in industry, in the arts, in medicine, in national defense, 
in short, in its service to humanity. The fruits of chemical research justify 
not only its existence, but continued and increasing support from the public 
and industry. 

Excluding the primal purpose of all educative processes, 7. e., to teach 
the student to think, the chief secondary raison d’étre of education is to 
give the student knowledge. To experience life as it is found outside class- 
room walls is to know that life. 

Hence the inspection trip. Chemistry olen of California, Nevada, 
and Arizona, whether located rurally or in urban centers, have, at their 
very back door, a vast storehouse of chemical wealth which is available 
for their inspection at any time during the school year. Travel in the 
summer-time is perilous, due to the excessive heat, temperatures of 135-— 
140°F. not being uncommon. 

Expeditions into the Mojave Desert, the Amargosa, and the Death 
Valley Basins are becoming more and more frequent, as instructors learn of 
their abundance of study material, not only of chemicals, but also their 
fauna and flora. Its wealth of geological material for investigation allures 
the college ‘‘rock-hound.” 


History of Glendale Expeditions 


The first Glendale excursion into the Mojave Basin occurred in the spring 
of 1925. The writer was lecturing to a class on the methods employed to 
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extract borax and potash from the commercially valuable brines of Searles 
Lake. The suggestion was made that not only should the students see the 
process diagrammed on the blackboard, but they should also study it per 
sonally in the plant, and that both plant and lake, besides other deposi- 
tions, could be programmed in a week-end inspection trip. 

On a Friday afternoon just two days later, five cars, laden with twenty- 
one students of both sexes, a generous representation of fathers and 
mothers, camping equipment, cameras, notebooks, and other impedimenta, 
turned their radiator caps toward Mint Canyon, Mojave, Randsburg, and 
Trona. 

We covered over seven hundred miles in forty-eight hours, inspected a 
large number of mines and chemical deposits, completely circled the Sierra 
Madre Mountain Range, and received, first-hand, an understanding of the 
immensity and wealth of this huge country, large enough to embrace the 
combined states of Rhode Island, Delaware, Connecticut, and Massa- 
chusetts, and still leave room for most of the islands of the Hawaiian 
archipelago. 


Evolution of the Inspection Trip Bulletins 


Camping out at the best water holes in the desert, spreading our blankets 


on the sand and rocks with nothing but the stars above us, facing the sting- 
ing sands of desert windstorms, washing dishes with water trickling from a 
canteen, swimming in a desert pool at ten o’clock at night, changing and 
patching tires three hundred miles from civilization, making emergency 
repairs with hands numb with cold, plowing through fine, flour-like dried 
silica that would pass a two-hundred mesh screen and so deep it scraped the 
running boards, traveling from one in the afternoon until midnight that 
night, and then going to bed supperless, this ‘““Traveling School of the 
Desert” (2) gained by experience much wisdom which later evolved into 
paragraphs of directions in bulletins of later trips. For many weeks in ad- 
vance of the date of leaving on these /ater trips, preparatory mimeographed 
bulletins were issued to all students enrolled for the trip. These contained 
detailed directions and precautions, which all members of the expedition 
were expected to follow. 


Growth of Desert Excursions 


Year after year the inspection trips to Death Valley, the Amargosa, 
and the Mojave Deserts became more highly organized, more extensive and 
intensive, and more heavily participated in by other schools and colleges of 
Southern California. The expeditions grew from five cars and twenty-two 
enrolled in 1925 to thirty-eight cars and one hundred sixty-five partici- 
pants in 1929. Since 1929 smaller groups have enrolled. 
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Tue DrirectOR DELIVERING A TEN-MINUTE LECTURE 


The Eagle Borax Works at Bennett’s Wells, about twenty-five miles south of the 
Furnace Creek Ranch. Each student obtained a chunk of partially purified borax 
from the old dumps for his collection of specimens obtained on the trip. 


Subjects Covered Not Confined Exclusively to Chemistry 


The second trip saw ten cars lined up at the campus ready for the desert 
trip, with forty-two students, parents, and faculty members participating. 
Frequent stops were made, either for a side trip to mine or plant, or a ten- 
minute lecture on the history, geology, the fauna or flora, or chemical or 
mineralogical features of the region. The well-trained chemistry student 
should have a thorough, comprehensive knowledge of chemistry, physics, 
and mathematics. On the supposition that he should know something 
besides these, we were happy to include interesting bits of information on 
the biology or geology of the Mojave Basin. 


The First Trip into Death Valley 


In March, 1926, the writer led fifteen cars and seventy-four students, 
parents, and faculty members into Death Valley by way of Pilot Knob, 
Granite Wells, Owl Hole Springs, Bradbury Wells, Confidence Mill, Eagle 
Borax Works, Devil’s Golf Course, and thence to Furnace Creek Ranch, 
where camp was made rather tardily for the night. And never did new- 
mown hay, palm trees, green lawn, and swimming pool appeal more to 
sun-burned eyes and travel-weary bodies. Embryo chemists forgot 
science and took up the artistic. 
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Union Pacific System 
A TROPICAL SCENE IN ONE OF THE Most ARID SPOTS ON THE GLOBE 


These splendid specimens of palms grow in profusion at the Furnace Creek Ranch 
in the heart of Death Valley. The tall ones are the typical fan palms of California and 
the Pacific Southwest, and represent the species Washingtonia filifera robusta; the 
medium size are Canary palms (Phoenix Canariensis), indigenous to the Canary Islands; 
the small type are specimens of Deglett Noor Date Palms, of which there are some one 
hundred twenty-six. These were placed at the ranch by the United States Government 
to determine the feasibility of this climate for the growing of this luscious fruit. All 
three types are date bearers; the last named being the most prolific, as well as furnishing 
a larger, finer type of date. Furnace Creek dates can now be purchased in Los Angeles. 


At the present time travel into Death Valley for nine months of the year 
is heavy. Roads on the through routes are excellent; service stations and 
garages, thoroughly modern hotels and resorts are springing up. The rail- 
roads run week-end and special excursions in to the Amargosa Hotel at 
Death Valley Junction, and the Furnace Creek Inn in the heart of Death 
Valley. But 1926 saw Death Valley in much the same primitive condition 
as it was in 1906, in the days of horse and wagon and the burro prospector. 
Modern prospecting, for even the most poverty-stricken searcher after 
hidden metallic wealth, is done by battered “‘flivver.’’ The more amply 
financed ones use airplanes. 

Travel into these regions in 1926 was so sparse that the expedition went 
completely equipped to take care of itself in any emergency. Large quanti- 
ties of gas and oil for the fifteen cars, two extra tires for each car, spare 

















1932 

















Vou. 9, No. 12 RESOURCES OF THE MOJAVE DESERT. III 

















ON THE DEviL’s PLAYGROUND WEST OF THE DEvIL’s GOLF COURSE 


An hour’s stop for recreation refreshed the party. Horseshoe pitching tournaments, 
baseball, footraces, and other sports were filmed by our cameramen. The bed of the 
playground is a dazzling white, and as smooth as glass. ‘‘Layer cakes” can be carved 
out of the soft mass with a knife. These are caused by alternate drenchings by cloud- 
bursts in the surrounding slopes of the Panamints and subsequent desiccations by the 
intense solar energy. 


parts, and an abundance of food and water were carried by the caravan. 
Complete outfits for sending and receiving radio messages were included; 
we kept in touch with Glendale via the radio all during the trip. 

Motion pictures were taken of all scenes of interest; chemical plants, 
mines, and deposits were filmed. A collection of photographs running well 
over a thousand is in the possession of the writer. 


Varied Itineraries 


Our itineraries on the many and various trips have included all the points 
of interest mentioned in the two previous articles of this series (1). A 
week-end trip can of necessity include only those principal items within a 
seven hundred fifty-mile circuit of the Sierra Madre Mountains. A full 
spring or Christmas vacation trip can take in all of these, and in addition, 
Death Valley and the Amargosa Deserts, the American Potash and Chemi- 
cal Corporation’s plant at Trona, the Pacific Coast Borax Company’s 
plant at Kramer, Owen’s Lake, and its coterie of chemical plants. If well 
arranged, the trip may include the Hoover Dam construction work at 
Las Vegas, Nevada, and the scientifically designed plant of the South- 
western Portland Cement Company at Victorville. A stop can also be 
programmed to inspect the clay-treating plant of the Pacific Coast Borax 
Company at Death Valley Junction, from which silicates of Death Valley 
and Amargosa origin eventually find their way to the huge oil refineries of 
the Pacific Coast. 
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PARKED ON THE GREAT SALT BEDS OF DEATH VALLEY 


The spiked hummocks of salt are very hard. The twenty-mule teamsters literally 
pounded their way across with fifteen-pound sledge hammers, making a road which is 
“dangerous but passable.” 

Below the surface layers of salt the brine becomes rich in borax, potash, sodium 
sulfate, carbonate, and bicarbonate. According to Pacific Coast Borax engineers, this 
deposit is ‘‘over’’ one thousand feet deep. That is as far as they drilled. 


The 1927 Expedition 


Five years ago, during spring vacation, a caravan of twenty automobiles 
lined up on the Glendale campus. A large number, painted on heavy 
cardboard, was mounted front and rear on each car. Each car was re- 
quired to maintain a slow but steady rate of speed as set by the pilot car, 
which the director of the expedition drove, and no car was allowed to drive 
recklessly, speed, or break out of line or numerical order. Police escorts 
were furnished to bring the long caravan safely through congested business 
districts. Both county and city officers codperated in every way, and 
gave generously of their time in the interests of safety. As a matter of 
fact we traveled behind sirens until desert portals were safely passed, and 
we were well on our way. On the return to cities and towns, the police 
again took full charge of the long line of cars stretched out on the highway 
for a mile. The San Bernardino County sheriff furnished one of his uni- 
formed officers to make the entire round trip with us, so we were never 
without the full protection of the law. 

In 1927 one hundred seven students, their parents, and nine members of 
the faculty enrolled in the expedition. We tried to make the trip more 
efficient, more stimulating to the professionalism of chemistry, and more 
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WHERE “O_p Dutcu”’ Finps ITs ORIGIN 


The mountain in the background contains several strata of alkaline silicates, used 
in the manufacture of this well-known brand of kitchen cleanser. This camp also 
boasts of a petrified forest, the trail to which serpentines through many narrow defiles 
in the steep canyons. Very rich gold and silver mines are found nearby. The walls of 
Last Chance Canyon are among the most colorful to be found anywhere in the whole 
Mojave Desert. 


educational each year. At the same time we kept in mind that this was an 
“extra-curricular” activity taken on vacation time. We wished so to 
activate the students that they would return the following Monday morning 
to their various classes fresh and eager to complete the semester’s work. 

A large truck took nineteen students, besides the driver, his wife and 
daughter, during the 1927 expedition, which explains how we could crowd 
one hundred sixteen people into twenty vehicles. We later abandoned the 
use of trucks to carry students, and scheduled either private cars or buses. 


Other Expeditions 


The 1928 spring vacation expedition was still larger, and the 1929 most 
pretentious. The latter year we carried our own newspaper representatives 
in a special “‘press’”’ car, and our own minister for Sunday services. We 
always stopped for church on Sunday morning. Three doctors and two 
nurses accompanied us. Being parents of chemistry students, they were 
glad to enroll in the expedition and donate their services. One “medical 
car’ was stationed well up toward the head of the caravan, one near 
the center, and the third next to the ‘‘police car”’ in the rear. 

The “radio car’’ was efficiently installed with full sending and receiving 
equipment, besides a complete amplifying system, by which announce- 
ments were made to the one hundred sixty-five people with a minimum of 
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effort. Two cars, labeled “movie,” were packed with over $10,000 worth 
of motion-picture equipment, including three motion-picture cameras and 
all paraphernalia, screens, reflectors, etc., necessary for the production of 
silent pictures. Several large plate cameras were also taken along. A 
“‘mechanic’s car,”’ fully equipped to make either major or minor mechanical 
repairs, was listed in the caravan. We also had a large truck, loaned to the 
expedition through the courtesy of the Dodge dealer of Glendale, into which 
was packed a week’s supply of food for one hundred sixty-five hearty 
adults. 

The motion-picture department was in charge of George K. Hollister, Jr., 
of the camera department of Warner Brothers First National Studios, who 
took his vacation time to go with us and direct the filming of chemical 
plants and deposits. He was ably assisted by Eugene B. Kille, motion- 
picture projectionist of Los Angeles. We have accumulated through the 
years about seven thousand feet of film on ‘‘America’s Chemical Store- 
house.”” The department of radio communications was capably headed by 
John Eilers, an ex-chemistry student of Glendale, professionally employed 
by a large radio station of Hollywood. 


A Southern California Inter-School Excursion 


Fifteen schools and colleges of Southern California participated in the 
1929 Expedition, 90 per cent. of the visitors from other schools being 
chemistry majors and their parents. Ten cars, forty students, and four 
faculty members enrolled from Hollywood High School alone. Many in- 
structors organize inspection trips for the male sex only; we have found 
that both sexes can be taken on a week’s trip far into desert wastelands with 
proper chaperonage. Each of the thirty-eight cars of the caravan had a 
mother, a father, or a member of the faculty who was held directly re- 
sponsible for the members of his car at all times. Under these rules and 
regulations students of opposite sex were permitted to ride in the same car. 
Under such rules a week’s trip covering a thousand miles to inspect some 
throbbing chemical industry is not impossible. 

Bakersfield Junior College chemistry department sponsors an excursion 
into the Rand Mining District each spring. This is open only to male 
students and usually signs up thirty to forty for the trip. 


Feeding Problems 


Mrs. Helen S. Moir, chemistry instructor of Herbert Hoover High School 
of Glendale, has had full charge of the care of all girls and women of the ex- 
peditions. She also had the responsibility of the commissary department, 
and was appointed assistant director of all expeditions. “‘An army moves 
on its stomach,” says an old military adage. The problem of feeding one 
hundred sixty-five people for a week while encamped at water holes in 
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Death Valley and the Mojave Desert was finally solved by Mrs. Moir. 
After several years of experimentation on various plans, she evolved the 
scheme of dividing up the large number into several ‘‘eats groups,” com- 
prising approximately twenty each. She found that this number was the 
maximum that could be comfortably seated around a camp fire at one 
time and fed from large unit containers. Serving large numbers cafeteria 
style did not work out efficiently, due to the very large cooking units neces- 
sary. Smaller pots and pans could be comfortably packed in private cars, 
without soiling bedding and personal effects with soot. 

Each ‘eats division’ was fully stocked with its own food supplies, all 
labeled and numbered, its own pots and pans and stock of fuel. Wood is 
practically non-obtainable in the Mojave Desert, except in the high 
mountainous regions. The prospectors burn small bits of creosote or 
mesquite wood or roots, but the immediate vicinity of water holes is de- 
nuded of such fuel. Feeding a small army required large stoves, which in 
turn required extensive amounts of ‘‘canned sunlight.’’ The stove problem 
was solved by strapping on the bumpers or running boards of the cars, or by 
placing in the bed of the food truck pieces of sheet iron two feet wide, four 
feet long and a quarter of an inch thick. These were placed on stones or 
on the edges of a pit dug in the sand, if no stones were available at the 
camping site, and the fire built underneath. (Shovels were carried by 
several cars, to dig themselves and others out of the sand in case of wheel 
submergence.) We found that gasoline stoves were only reasonably suc- 
cessful; the high winds that occasionally sweep across desert plains 
render them hard to control for yielding the slow, steady heat needed for 
cooking purposes. 


Unique Sleeping Accommodations 


Most of the time we camped out in the open, spreading our blankets on 
the sand, scraping as many rocks as possible out of the way. We always 
divided the camp into two parts, creating a ‘‘dead-line,”’ one-half for the 
girl students and their mothers, and the other for the men. Where the 
topography permitted, a canyon or convenient ridge became the dividing 
line. 

At Victorville, however, we were faced with a weather problem. Satur- 
day evening found us encamped on the grounds of the Southwestern Port- 
land Cement Company. The Victor Valley Union High School student 
body had royally entertained us with motion pictures, a dance, and refresh- 
ments at their auditorium. Upon returning to the Company grounds it 
began to snow, so Superintendent Robinson furnished us with ten thousand 
clean cement sacks to sleep on, spread out on the floor of their large, elec- 
trically lighted, and steam-heated warehouse. The men students and their 
fathers had one whole floor to themselves, the women students and their 
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mothers another. The next morning the grounds were white with three 
inches of snow, and a bitter wind was blowing. 


The Vagaries of the Weather 


Such are the extremes of temperature to be found in the Mojave Basin, 
even in April or May, that the bitter cold of Victorville became an oppres- 
sive noon-day heat in the sink of Death Valley two days later. We dropped 
in elevation from three thousand feet above sea level to two hundred 
seventy-eight below. In spring in most parts of the Mojave it is warm 
even to the point of discomfort during the day, but toward nightfall the 
thermometer drops, and during the night it gets very cold. Plenty of 
blankets are necessary. This peculiarity of the weather is no doubt due 
to the extremely low relative humidity, and the absence of contiguous 
large bodies of water. The nights in Death Valley, far below sea level, 
are usually balmy. 

Windstorms are not infrequent, and are usually severe while they last. 
While on a scouting trip into the Pilot Knob Basin one spring, the writer 
found it imperative, while climbing a long, easy grade leading into Copper 
City, to proceed in low gear while “bucking”? a windstorm of unusual 
velocity. Needless to say, the paint on the car was damaged somewhat by 
the heavy sand blast. Delightful weather in the Mojave is usually found, 
however. In dozens of trips taken during the last twenty years the writer 
has only encountered three of these heavy wind storms. 


Expenses 


The usual average cost to a student or parent enrolled in one of our Ex- 
peditions was $15, divided as follows: 

1. General assessment, to pay for motion-picture film, telegrams, ‘phone 
calls, and general expenses, $2.00. (This assessment was paid by all people 
going.) 

2. Food bill for six days, per person, $6.00. (This was not paid by 
drivers furnishing their own cars.) 

3. Gas and oil and transportation expense, to be paid to the driver of the 
car in which the student or parent rode, $5.00. 

4. Miscellaneous expenses, candy, gum, photographs, special side trips, 
etc., $1.00 to $5.00 (depending on the individual student’s tastes). (The 
assistant director in charge of the commissary, Mrs. Moir, bought the food 
in quantity lots through the cafeteria manager at her high school, hence 
this low charge. This more than covered the grocery expense. Any bal- 
ance left over at the end of the year in the commissary account went to- 
ward the purchase of new pots, pans, stoves, and kitchen utensils, which 
then became the permanent property of the expedition.) 
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Stephen H. Willard, Palm Springs, Calif. 
RYAN, CALIFORNIA, IN THE Hry-Day or ITs ACTIVITY 


Partially covered by alluvial fans of volcanic rock, the discovery, in 1882, of cole- 
manite on the steep slopes of Mesa Negra in the Funeral Mountains caused the abandon- 
ment of the Death Valley Borax Mills. The narrow-gage railroad replaced the more 
picturesque twenty-mule-team method of transportation of the boron minerals. 

Now, fifty years later, Ryan has been added to the long list of ‘‘ghost cities’ of the 
desert by the development of the kernite, or rasorite deposits, at Kramer. 
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RIDIN’ THE BaBy GAGE AT RYAN 


An insufficient number of observation cars was available, so the students ensconced 
themselves in ore conveyors. 


This total for the eight-hundred-mile trip is rather small, considering the 
distance covered and the time spent, but we desired to keep the expense 
down so that as many of the chemistry majors could. participate as possible. 


Special Side Trips 


At Victorville the Southwestern Portland Cement Company furnished us 
with a special train, consisting of a battery of ore cars. These are usually 
employed in hauling limestone in from the quarry, nine miles away. It was 
a cold, wintry day, but we bundled the one hundred sixty-five into the long 
line of bins on wheels and had a thoroughly enjoyable, worth-while trip to 
the quarry. 

At Ryan, now abandoned, the Pacific Coast Borax Company loaded us 
into small narrow-gage cars provided with board seats, also ore cars. A 
tiny gasoline engine chug-chugged us around and through the colemanite 
mines in the Funeral Mountains. This mountain range forms one of the 
eastern walls of the pit of Death Valley. Ryan is perched way up on the 
steep slopes of the black mountain aptly christened “Mesa Negra.” Ryan 
has now been added to the long list of ‘‘ghost cities’ of the desert. The 
narrow-gage rail trip through the mines proved very interesting and in- 
structive. The white translucent crystals of colemanite reflect the light 

















Stephen H. Willard, Palm Springs, Calif. 
TWILIGHT SHADOWS OVER TELESCOPE PEAK 


It is difficult to conceive of the admixture of feelings of the starving emigrants of 
’49, as, helpless, exhausted, their morale broken by sufferings untold, they penetrated 
this land of treacherous mirage and sinister shadows. One Jayhawker burst forth, 
that after making the rest of the world, ‘the Creator had dumped the remaining dregs 
in this awful sink hole.” 

Taken from Dante’s View 6400 feet above Bad Waters, this photo shows the 
massiveness of Telescope Peak (11,045 feet), and the precipitous character of the drop 
to 276 feet below sea level on the salt and alkali flats. The “lake” (as it seems in the 
picture) is the final sump hole of a drainage area that covers thousands of square miles. 
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of the torches and electric lamps in all directions, making one imagine he is 
traversing a diamond-studded cave. Through the use of magnesium flares, 
we ‘“‘shot”’ several hundred feet of film in one of the tunnels, sixteen hundred 
feet into the heart of the mountain. 


Mineral Collections 


Each student provided himself with a strong, light, wooden box, like 
those in which cigars are packed, to keep rock and ore specimens collected 
on the trip. These samples were carefully labeled as to their chemical 
composition, origin, and history, and corresponding tabulations were made 
in lecture notebooks. Many of the group started the nucleus of splendid 
mineralogical collections, later to be augmented on further trips. A few 
became quite apt in the classification of rocks and minerals. For those 
just finishing the freshman course, this mineralogical knowledge gave 
them a deeper appreciation of the subjects covered in the quantitative work 
of the sophomore year. 


Overtaxing Ryan Dining Facilities 


There is, quite obviously, a definite limit to the number of machines and 
students that can be taken on an excursion. Large groups must be split 
into smaller ones to allow of entrance into chemical plants for a tour of 
inspection. At Ryan, we had to split the one hundred sixty-five into two 
divisions; one to go through the colemanite mines and then enjoy an ex- 
cellent dinner furnished by the Pacific Coast Borax Company, the other 
half to go to Dante’s View in the Black Mountains, and enjoy the magnifi- 
cent scenery from this point. The two parties then reversed order. 


Sunset from Dante’s View 


The second division, having already eaten and inspected the colemanite 
mines, perhaps got the best of it. They arrived at Dante’s View just as the 
sun was setting, producing a picture to which no artist could do justice on 
canvas. Dante’s View on a high peak of the Black Mountains is 6400 feet, 
almost directly above the lowest spot in the Western Hemisphere, “Bad 
Waters.”” This sump of the Death Valley pit is nearly 300 feet below sea 
level. The entire sweep of Death Valley, both north and south for one 
hundred sixty-five miles, is stretched out at one’s feet; the air is so clear it 
seems one could reach out and touch any part of the vast expanse. 

Countless billions of tons of salt, potash, borax, sodium sulfate, and other 
chemicals admixed with mud and silicates are deposited in a huge mass 
covering forty square miles. From thousands of feet above it has the 
appearance of a huge lake. (See illustrations of ‘“‘Death Valley from 
Dante’s View” (1), page 1318.) 
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VALLEY WELLS, THE PLAYGROUND OF THE EMPLOYEES OF THE AMERICAN POTASH AND 
CHEMICAL CORPORATION 


After a long, arduous trek across two mountain ranges a swim and a good hot 
supper proved most enjoyable at this oasis. Everything that could be was done for the 
entertainment and comfort of the one hundred sixty-five members of the Expedition 
by the officials of the company. Cement and steel cooking units, and piles of worn-out 
railroad ties were provided. This playground boasts electric lights and piped water 
to the grounds. The swimming pool water is used in the plant for extraction and 
lixiviation. Domestic water for the town of Trona comes from seventeen springs high 
up in the Argus and Slate Ranges. 


Evening’s Entertainment 


As the blazing desert sun set behind Telescope Peak and the Panamint 
Mountains across the valley, and twilight shadows lengthened, bringing 
the blackness of night, we turned back to Ryan. (Due to the lack of 
moisture in the air, there is no long twilight, such as we find in the Middle 
West or East. Night comes on suddenly.) We meandered up the hill to 
the club house for an evening’s entertainment, consisting of lectures and 
stunts sponsored by members of the party. The writer’s uncle, the Rev. 
E. W. Mecum of Los Angeles, told of the trials and sufferings his father 
survived as a member of the Jayhawker Party of ’49. This group made 
California history as they crossed the sand dunes of north central Death 
Valley, gave Emigrant’s Wash its name, dropped down into Panamint 
Valley, climbed the rocks of the Slate Range with bleeding feet, tasted the 
bitter disappointment of the alkaline brine of Searles Lake near the spot 
where the present town of Trona now stands, and finally reached civiliza- 
tion at the San Fernando Mission north of La Pueblo de Nuestra Sefiora, 
La Reina de Los Angeles (The City of Our Lady, the Queen of the Angels). 
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A Tour OF INSPECTION OF THE TRONA PLANT 


This huge chemical industry, successfully competing with foreign potash, turns 
out 15% of all the potassium chloride used by the agricultural interests of the United 
States, besides 46% of all the borax used in the world. Large quantities of boric acid, 
liberated from the borax by the action of concentrated sulfuric acid, are also produced 


here. 


Again embryo chemists dropped science, this time to take up Death Valley 
history, and learn how the various points of interest received their deroga- 
tory names. 

Trona Hospitality 

Near Trona we encamped at Valley Wells, the playground of the Ameri- 
can Potash and Chemical Corporation employees. This is a desert oasis 
with a large swimming pool, big cement cooking stoves, an abundance of 
shade trees, electric lights, and all facilities for the entertainment and 
comfort of a large group of people. Truckloads of worn-out railroad ties 
were hauled in for our fires. After a long hard pull over two mountain 
ranges in the trek from Death Valley, a swim and good hot dinner were 
never more enjoyed. That evening a barn dance was held in the pumping 
plant, which was large enough to accommodate the group. Magnesium 
flares again provided the light for night motion pictures. 

The next morning at Trona the party was divided into small inspection 
divisions of about fifteen each; each squad was provided with a guide 
and lecturer and taken through the huge $21,000,000 plant. 

A stop was made at the “Pinnacles” a peculiar form of calcareous rock 
jutting up out of the desert floor about ten miles south of Trona. Just 
north of these weird volcanic outbursts the monorail of the American 
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Magnesium Company meets the standard gage, as the former brings mag- 
nesium and aluminum sulfates out of the Wingate Pass depositions in 
Death Valley. 

Victorville Data 


At Victorville the Southwestern Portland Cement Company mimeo- 
graphed a bulletin giving the program of entertainment for the two days, 
and a brief résumé of the chemical processes included in the manufacture of 
cement. The plant employs three hundred men of all trades, with an 
average yearly payroll of half a million dollars; uses 60,000 gallons of fuel 
oil daily, and over 2,000,000 kilowatt hours of electrical energy monthly, 
at a cost of $20,000. The capacity output of the plant is 24,000 sacks a 
day, of Standard building or highway cement, Oil Well grade used exten- 
sively for cementing off new oil wells and quick-hardening jobs, and 
ITydro-Plastic grade, used for plastering and water-proofing stucco build- 
ings. The major part of the cement manufactured is used in Southern 
California, but a goodly portion is exported through Los Angeles Harbor to 
South American consumers. 


Export of Mojave Products through Los Angeles Harbor 


Some interesting statistics have recently come to light on the amounts of 
chemicals exported from Los Angeles Harbor. Including commercial 
building materials most of these find their genesis in the Mojave Desert. 
Total tonnage of all commerce exported at the harbor jumped from 1,739,- 
548 tons valued at $88,674,070 in 1915 to 23,355,293 tons valued at $1,120,- 
106,164 in 1931. Marble, stone and manufactures, cement and lime, 
clays, precious and semi-precious stones, abrasives, asbestos and manu- 
factures, gypsum and manufactures, potassium and sodium compounds, 
including soda ash, baking soda, potassium chloride, salt, borax and 
boric acid, Glauber’s Salt, Epsom Salt, and other non-metallic minerals and 
manufactures contributed generously to the total. In addition ferro- 
alloys, aluminum, copper, brass and bronze, lead, tin, nickel, zinc, and other 
metals and manufactures are exported in surprising amounts. 

Borax, boric acid, and ‘“‘potash’’ (KCl) are exported in large quantities, 
90% of the world’s supply of the former coming from the Mojave deposi- 
tions: 46% of the world’s commerce in borax being supplied by one plant 
alone, that at Trona. 


Production of Natural Sodium Compounds in 1928 


The production of sodium compounds, exclusive of the chloride and 
sulfate, from natural brines and sources in 1928, as indicated by sales or 
shipments by producers, was reported solely from the Mojave Desert Basin. 
The total, according to the United States Bureau of Mines, Department of 
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Cars SIXTEEN TO THIRTY-EIGHT STRETCHED OUT ON SEARLES LAKE 


The upper layer of salts in the Searles Lake depositions consists mostly of salt, 
and presents a dazzling array of brilliancy as it spreads out in all directions under the 
desert sun. The pipe line leading out into the lake to bring brines to the plant at Trona 
is subjected to all the extremes of heat and cold—snow in the winter time and a terrific 
two o’clock temperature in the summer afternoon. Expansion joints are provided 
about every nine hundred feet. 


Commerce, amounted to 199,800 tons, valued at $5,347,243. These figures 
include the output of sodium carbonate (soda ash), sodium bicarbonate 
(baking soda), trona (hydrous sodium carbonate and bicarbonate), and 
sodium borate (borax and kernite) and “‘show a large increase in both 
quantity and value as compared with the 1927 figures partly on account of 
the continued development of the kernite deposits”’ (2). 


Owen’s Lake Production 


The sodium carbonates reported amounted to 79,830 tons, valued at 
$1,578,256. Organizations producing were the Clark Chemical Company 
(product marketed as liquid caustic), the Inyo Chemical Company (soda 
ash and baking soda), the Kuhnert Syndicate (soda ash), and the Natural 
Soda Products Company (soda ash, baking soda, and trona), all operating 
at Owen’s Lake. At Searles Lake the Westend Chemical Company pro- 
duced soda ash and borax from the lake brines, the Burnham Chemical 
Company borax, and the American Potash and Chemical Corporation 
potash, borax, and boric acid. 


Boron Minerals 


Colemanite was mined in 1928 at the Anniversary mine at Las Vegas by 
the Westend Chemical Company and small quantities were shipped from 
the Gerstley and Ryan deposits, but these mines were closed in 1928. 
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Inyo CHEMICAL COMPANY’S PLANT ON OWEN’S LAKE 


The lake brines, after filtration and concentration, are saturated with CO, in the 
huge carbonation towers at 35°C., the temperature of minimum solubility of sodium 
bicarbonate. This precipitates out, producing a milky suspension of the bicarbonate 
in a solution of unchanged carbonate, chloride, and sulfate. Upon filtration and cal- 
cination, soda ash is produced. Intense desert solar evaporation has reduced the former 
volume of Owen’s Lake to an insignificant area. The Inyo Chemical Company, Natural 
Soda Products Company, Pacific Alkali Company, and Clark Chemical Company all 
have plants at the lake. 


The total boron minerals shipped in this year amounted to 131,000 tons, 
valued at $3,999,773 (4). 


The Caravan Method of Travel 


We have tried various plans of transport. For desert and mountain 
driving the best plan for a large number of cars seems to be the caravan 
system in which all cars are numbered by placards front and rear. For 
this type of travel, police escorts are essential for the successful passage of 
congested districts. Under these conditions it is possible safely to trans- 
port large groups from place to place and keep them together. 

For metropolitan travel or short hauls the bus method of transportation 
is probably preferable. Disadvantages are that it costs more per in- 
dividual student to travel that way; it also offers a lesser degree of mobility, 
particularly for rough, steep going. 


Issuance of Bulletins 


The first mimeographed preparatory bulletins on the excursion were 
issued as early as six weeks before going. Subsequently a whole series of 
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Stephen H. Willard, Palm Springs, Calif. 
DESERT FLOWERS IN BLOOM 


The Joshua Palm (liliaceae hesperoyucca aspens), familiar inhabitant of the Mojave 
and the Amargosa Deserts, silhouetted against a cloudless sky. The Sierra Madre 
Range, with snow-capped Mt. San Antonio, in the background. 


weekly and even daily bulletins were printed and issued to those enrolled. 
These gave definite instructions for the preparation of cars, equipment, and 


personnel. On the trip, daily bulletins, the ‘morning newspaper,” were 
passed out, giving the itinerary and detailed directions for the day’s program. 
Military Discipline 

A strict military-like discipline was observed in the administration and 
organization of the excursions. In all the expeditions we had only a very 
few minor accidents. With hundreds of students inspecting the mines 
and deposits, we never saw a single ‘‘side-winder”’ (a species of small desert 
rattlesnake), or other predatory or dangerous reptilian or mammalian speci- 
mens except some coyotes. Only those students were permitted to enroll 
who had good scholastic and disciplinary records. An excellent morale was 
maintained in the personnel. 


A Post-Excursion Reunion 


About a week after returning, a huge reunion party was held in Glendale 
of all people who participated in the expeditions, their parents, and friends. 
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Snapshots taken on the many trips were passed around and an entertain- 
ment enjoyed. Three of the chemistry instructors from Hollywood High 
School led their students in a stunt and a song dedicated to the ’29 Expedi- l 
tion. Which all goes to prove that chemists can be poets, if necessary! 
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THE DISCOVERY OF THE ELEMENTS. XVIII. THE INERT GASES* 


Mary ELvirA WEEKS, THE UNIVERSITY OF KANSAS, LAWRENCE, KANSAS 


In 1894 Lord Rayleigh and Sir William Ramsay startled the scientific world 
by announcing the discovery of a new elementary, gaseous constituent of the 
atmosphere. Thorough investigation of the properties of the new element, 
which they called argon, has shown thatit has scarcely any tendency whatsoever 
to form chemical compounds. Another closely related gas was revealed in a 
manner no less dramatic. In 1868 the astronomers, Jules Janssen and Sir 
Norman Lockyer, had independently observed in the sun’s spectrum a yellow 
line, D3, which did not belong to any element then known to exist on the earth, 
and Lockyer had therefore postulated the existence of a solar element, helium. 
In 1895 Ramsay in England and Cleve and Langlet in Sweden independently 
discovered helium in a radioactive mineral. The researches of Ramsay and 
Travers soon revealed three other gases, neon, krypton, and xenon, which, since 
they show almost no tendency to unite with other elements, are classified with 
argon and helium in the aristocratic family of the noble gases.t' Radon, the 
heaviest member of the group, will be discussed in Part XIX‘ with the radio- 
active elements. 


Accurate and minute measurement seems to the non-scientific 
imagination a less lofty and dignified work than looking for some- 
thing new. But nearly all the grandest discovertes of science have been 
but the rewards of accurate measurement and patient long-continued , 
labor in the minute sifting of numerical results (1). 


Until the closing years of the nineteenth century chemists believed that 
the atmosphere had been thoroughly investigated, and no one thought for 
a moment of searching there for new elements. It is true, however, that 
Sir Henry Cavendish had long before predicted the discovery of an un- 
known gas in the atmosphere, for in 1785 he had passed electric sparks 
through a mixture of oxygen and common air in the presence of alkali 
(‘‘soap-lees’’), and had found that part of the ‘‘phlogisticated air’’ (nitro- 
gen) had failed to be oxidized and absorbed. He had said that this residue 
was ‘‘certainly not more than !/j.) of the bulk of the phlogisticated air let 
up into the tube; so that if there is any part of the phlogisticated air of 
our atmosphere which differs from the rest and cannot be reduced to ni- 
trous acid, we may safely conclude that it is not more than !/j:9th part of the 
whole” (2). This important experiment had long been forgotten by chem- 
ists, but in 1882 Lord Rayleigh began a research on the densities of the 
gases in the atmosphere. 

Robert John Strutt, the third Lord Rayleigh, was born at Terling on 
November 12, 1842. His ability for clear thinking and self-expression was 
evident in his student days, and when he was Senior Wrangler in the 


* Tllustrations collected by F. B. Dains of The University of Kansas. 
+A few compounds of the elements o° this group have been reported in chemical 
literature. 
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Tripos in 1865, one of his ex- 
aminers remarked, ‘“‘Strutt’s 
papers were so good that they 
could have been sent straight 
to press without revision” 
(41). 

After the great physicist 
Clerk Maxwell died in 1879, 
Lord Rayleigh became his 
successor at the Cavendish 
Laboratory, Cambridge. 
During his professorship the 
classes increased in size, and 
women from Girton and 
Newnham colleges were for 
the first time admitted on 
the same terms as the men. 
Since he was allowed insuffi- 
cient funds for the purchase 
of new apparatus, he con- 








Courtesy L. C. Newell 






ROBERT JOHN STRUTT, THE THIRD LorD 
RAYLEIGH, 1842-1919 


Professor of physics at Cavendish Laboratory, 
Cambridge. He made elaborate investigations 
of the electro-chemical equivalent of silver and 
of the combining volumes and compressibilities 
of gases. His observation that nitrogen prepared 
from the atmosphere is heavier than nitrogen 
prepared from ammonia led to the discovery of 
argon, the first noble gas. He also contributed 


tributed £500 of his own 
money and solicited his 
friends for similar contribu- 
tions until he had collected 
£1500 (3). 

In 1882 Lord Rayleigh told 
the British Association that 
he had begun an investiga- 





to optics and acoustics. : “ae 
tion of the densities of hy- 


drogen and oxygen to find out whether or not the ratio is exactly 1 to 16; 
and ten years later he announced that the correct ratio is 1 to 15.882 (38). 
In the course of this elaborate research on the combining volumes and 
compressibilities of gases, made with a view to calculating their molar 
volumes under limiting conditions, Lord Rayleigh also measured the 
density of nitrogen (40). 

Although the oxygen which he prepared by three different methods all 
had the same density, his results with nitrogen were puzzling. The nitro- 
gen he prepared from ammonia was always lighter by about five parts in 
one thousand than that which he prepared by absorbing the oxygen, carbon 
dioxide, and moisture from atmospheric air. He then wrote to the English 
magazine, Nature, asking the readers to submit explanations, but none 
were received (39). 


Lord Rayleigh himself thought of four possible explanations: (1) the 
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nitrogen he had prepared from the 
atmosphere might still contain some 
oxygen; (2) the nitrogen prepared 
from ammonia might be slightly con- 
taminated with hydrogen; (3) the 
nitrogen from the atmosphere might 
contain some N; molecules analogous 
to ozone; or (4) some of the mole- 
cules in the nitrogen from ammonia 
might have decomposed and thus de- 
creased the density of the gas (40), 
(45). 

The first hypothesis was most im- 
probable, for, because of the very 
slight difference in the densities of 
oxygen and nitrogen, the contamina- 
tion would have had to be very great 
in order to account for the dis- 
crepancy of five parts in one thou- 
sand. Lord Rayleigh showed experi- on ee ee —— 
mentally that the nitrogen prepared Psa age ny pratd ge hn Bese 
from ammonia was entirely free from Rayleigh was a co-discoverer of argon, 
hydrogen. The third hypothesis was - decinhir Et td a 
not encouraging, for he was unable xenon. After F. E. Dorn had dis- 
to increase the density of his ni- pence — Whine then’ ae 
trogen by passing a silent discharge mined its density and proved it to be 
through it. It was then that Sir a ee Ot" ae eee 
William Ramsay obtained permission 
to experiment with the atmospheric nitrogen (4), (40). 

Since these experiments led to such surprising and important results, it 
may be well to devote a little time to the character and personality of the 
man who conceived them. William Ramsay’s parents were both about 
forty years old when they married. When, in the following year (October 
2, 1852), a son was born to them, the happiness of these good Scotch parents 
was complete. The child was fond of nature, music, and books, and soon 
developed a passion for learning new languages. Friends of the family 
often wondered how the active little fellow could sit so quietly through the 
long Calvinist sermons at Free St. Matthew’s Church in Glasgow. When- 
ever they looked at him he was intently reading his Bible; but, if they had 
been close enough, they would have seen that it was never an English 
Bible, but always a French or German one. The English text was so fa- 
miliar to him that he rarely needed to consult it, and in this way he gained 


his first knowledge of these foreign languages (5). He also worked out 





Courtesy Lady Ramsay 
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many of his propositions in geome- 
try from the mosaics in the church 
windows (6). 

Mr. H. B. Fyfe, one of his class- 
mates at the Glasgow Academy, gave 
the following account of Ramsay's 
first chemical experiments: 


At that time he knew nothing 
of chemistry theoretically, but he 
had for some time been working 
at home at various experiments, 
as we called them. He worked 
in his bedroom, and there were a 
great many bottles always about, 
containing acids, salts, mercury, 
and so on. When we began to 
meet in this way, I found he 
was quite familiar with all the 
ways of getting the material and 
apparatus for working in chem- 





Rupotr Firtic, 1835-1910 istry. We used to meet at my 
Professor of organic chemistry at house in the afternoons and do 
Teen ses =e oe ~ what practical work we could, 

covered the lactones, an evised a ° 
general method for synthesizing homo- making : oye and hydrogen 
and various simple compounds, 


logs of benzene. With Erdmann he 


established the constitution of phenan- such as oxalic acid from sugar. 


threne, and with Remsen he proved We also worked a great deal 
the constitution of the alkaloid, with glass .... We used to work 
piperine. Sir William Ramsay was : ‘ 

with mouth blowpipes and Bun- 


one of his students. ) 
sen gas burners which we made 


ourselves, and in this way he became exceedingly expert in working 
with glass. I think he found this practice very useful in after life. 
We made nearly all the apparatus we used except flasks, retorts, and 


beakers. . . (6). 


William Ramsay always excelled in wholesome amusements such as 
walking, cycling, rowing, swimming, diving, skating, singing, whistling, and 
story-telling, and hence had a host of friends. Mr. Fyfe also gave a fine 
description of Sir William’s graceful swimming and diving. ‘‘When we 
were in Paris in 1876,” said he, ‘‘the four of us used to go to one of the 
baths in the Seine every forenoon and, after the first time, when Ramsay 
was ready to dive, the bathman would pass round the word that the 
Englishman was going to dive and every one in the establishment, including 
the washerwoman outside, would crowd in and take up positions to watch 
him’’ (6). 

Sir William Ramsay studied at Heidelberg under Bunsen and also at 
Tiibingen under Fittig, and it was at the latter place that he met his life- 
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long American friend, Ira 
Remsen (49). Although 
Ramsay later acquired per- 
fect command of the German 
language, his first words to 
Remsen sounded like this: 
“Kénnen Sie sagen wo ist die 
Vorlesungszimmer?”’ Remsen 
puzzled over this for a while, 
and said with a smile, ‘Oh, 
I guess you want the lecture 
room.”’ In later years both 
Remsen and Ramsay loved 
to tell this incident, and the 
former always cherished the 
honor of having been the 
first “‘to open the big front 
door” for Sir William Ram- 


say (7). 





Argon 
Courtesy Alumni O fice, The Johns Hopkins University 
After Ramsay had gained IRA REMSEN, 1846-1927 
permission from Lord Ray- Distinguished American chemist and professor 


: . : & of organic chemistry. President of The Johns 
leigh val investigate the at Hopkins University. Author of excellent text- 
mospheric nitrogen, he passed books. Founder and editor of the American 
it over red-hot magnesium to Chemical Journal. Friend of Sir William Ram- 

: say. He investigated the composition of com- 
find out whether or not it mercial saccharin. 


would be completely ab- 

sorbed. After the gas had been passed back and forth over the hot mag- 
nesium, only forty cubic centimeters of it remained, and this residual gas 
was about '/,, as heavy as the original “‘nitrogen.’’ Professor Ramsay 
had, of course, taken precautions to exclude dust, water, and carbon di- 
oxide. After prolonged treatment, everything was absorbed except */s 
of the original volume. (It will be recalled that Cavendish had obtained 
a residue amounting to '/129 of the original volume.) (2) 

The gas finally obtained had a density of 19.086, and Ramsay and Ray- 
leigh still believed it to be a modification of nitrogen, similar to ozone. 
However, when Ramsay examined its spectrum, he saw not only the bands 
of nitrogen but also groups of red and green lines which had never before 
been observed in the spectrum of any gas. sir William Crookes made a 
very thorough study of the spectrum, and observed nearly two hundred 
lines (28). 

Rayleigh and Ramsay then worked together, exchanging letters nearly 
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every day. On May 24, 1894, the 
latter wrote, ‘‘Has it occurred to you 
that there is room for gaseous ele- 
ments at the end of the first column of 
the periodic table?”” On August 7, 
he wrote again, “I think that joint 
publication would be the best course, 
and I am much obliged to you for 
suggesting it, for I feel that a lucky 
chance has made me able to get Q in 
quantity (there are two other X's, so 
let us call it Q or Quid? ....” (8). 
When the British Association met 
at Oxford in the same month, Ramsay 
and Rayleigh astonished the members 
by announcing the discovery of the 








From Lebon's “Histoire Abrtete de. first inert gas, which, at the sugges- 
sSironomte - * 
PIERRE JULES CéSAR JANSSEN, * tion of Mr. H. G. Madan, the chair- 
1824-1907 man, they proposed to call argon, the 
French astronomer who directed lazy one (9), (25), (30). 
many astronomical expeditions. Mem- ; é ;: 
ber of the French Institute and of the Lord Rayleigh died in 1919 (41). 


Bureau of Longitude. In 1868 he M, W. Travers said that in all the 
observed in the sun’s chromosphere a . 
yellow line, Ds, which is now known contemporary correspondence of Sir 
to belong to the element helium. He William Ramsay and Lord Rayleigh 
was the director of the astrophysical X ‘ ; ae : otis 
observatory at Meudon. which still exists, “‘there is no indica- 

tion . . . . of suspicion or sense of in- 
justice on either side’ (40). Visiting scientists were always surprised 
at the simplicity of the latter’s apparatus. Although the essential instru- 
ments were designed and constructed with the utmost skill, the less impor- 
tant parts were assembled with little regard for appearance. His papers 
were written in a clear, polished style with the mathematical portions in 
concise, elegant form. His five volumes of collected cont: ibutions are pre- 
fixed with the motto he himself chose: ‘The works of tue Lord are great, 
sought out of all them that have pleasure therein” (41), (42). 

Soon after hearing of the discovery of argon, Lecog de Boisbaudran pre- 
dicted that it might belong to a family of absolutely inert elements all of 
which were then unknown, and that their atomic weightst would be: 
20.0945, 36.40 + 0.08, 84.01 + 0.20, and 132.71 = 0.15. He also predicted 
that the first two of these elements would be more abundant than the 
others (33), (34). 

* Reproduced from E. Leson’s “Histoire Abrégée de l’'Astronomie” by permission 
of Gauthier-Villars et Cie, 55 Quai des Grands-Augustins, Paris. 

{t The 1932 atomic weights of the noble gases are: helium, 4.002; neon, 20.183; 
argon, 39.944; krypton, 83.7; xenon, 131.3; and radon, 222. 
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FRENCH MEDALLION* Cast IN 1878 IN HONOR OF THE FRENCH ASTRONOMER, JULES 
JANSSEN, AND THE ENGLISH ASTRONOMER, SIR NORMAN LOCKYER, FOR THEIR METHOD 
oF ANALYZING THE SOLAR PROTUBERANCES 


Helium 


In the year 1868 the French astronomer, Pierre Jules César Janssen (43), 
(44), went to India to observe a total eclipse of the sun and to make the 
first spectroscopic study of its chromosphere (36). He noticed a yellow 
line, D3, which did not quite coincide with the D-line of sodium, and which 
he could not reproduce in the laboratory. When the English astronomer, 
Sir Norman Lockyer (22), found that the new line did not belong to any 
element then known, he named it helium for the sun (50), and for a quarter 
of a century helium was regarded as a hypothetical element which might 
possibly exist on the sun, but which had never been found on the earth 
(10), (20), (35). In some of his researches leading up to the discovery of 
solar helium, Lockyer was assisted by Professor Edward Frankland (37). 

In 1888-90 the great American mineralogical chemist, William Francis 
Hillebrand (46), noticed that when the mineral uraninite is treated with a 
mineral acid, an inert gas is evolved, which he believed to be nitrogen. 
When Sir William Ramsay read the paper, he disagreed with this explana- 
tion, and repeated the experiment, using, however, another uranium mineral 
called cleveite (11). He obtained a little nitrogen, as Hillebrand had done, 
but also argon and another gas with different spectral lines. Since he did 
not have a very good spectroscope, he sent some specimens of the unknown 
gas to Sir Norman Lockyer and to Sir William Crookes for examination. 
Lockyer said, ‘“When I received it from him, the glorious yellow efful- 
gence of the capillary. while the current was passing, was a sight to 
see” (27). 


* Reproduced from T. Mary Lockyer and Winifred L. Lockyer, ‘The Life and 
Work of Sir Norman Lockyer,” by permission of Macmillan and Co. 








Str JoSEPH NORMAN LOCKYER, * 
1836-1920 


Director of the solar physics ob- 
servatory of The Royal College of 
Science at South Kensington. Pioneer 
in the spectroscopy of the sun and 
stars. In 1868 Lockyer and Janssen 
independently discovered a_ spectro- 
scopic method of observing the solar 
prominences in daylight. Such ob- 
servations had previously been made 
only at the time of total eclipses of 
the sun. 


to smell a rat. 
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On March 17, 1895, Ramsay wrote 
to Mr. Buchanan, ‘Crookes thinks 
its spectrum is new, and I don’t see 
from the method of treatment how it 
can be anything old, except argon, 
and that it certainly is not. We are 
making more of it, and in a few days 
I hope we shall have collected enough 
to doa density. I suppose it is the 
sought-for krypton, an element which 
should accompany argon....’’ Be- 
fore a week had passed, the new gas 
was shown to be identical with Lock- 
yer’s solar element, helium (21), (23), 
(24), (26). 

On March 24 Sir William wrote to 
his wife: 


Let’s take the biggest piece of 
news first. I bottled the new 
gas in a vacuum tube, and ar- 
ranged so that I could see its 
spectrum and that of argon in 
the same spectroscope at the 
same time. There is argon in 
the gas; but there was a mag- 
nificent yellow line, brilliantly 
bright, not coincident with, but 
very close to, the sodium yellow 
line. I was puzzled, but began 


I told Crookes, and on Saturday morning when 


Harley, Shields and I were looking at the spectrum in the dark-room, 


a telegram came from Crookes. 


He had sent a copy here and I en- 


close that copy. You may wonder what it means. 

Helium is the name given to a line in the solar spectrum, known to 
belong to an element, but that element has hitherto been unknown 
on the earth. Krypton was what I called the gas I gave Crookes, 


knowing the spectrum to point to something new. 
It is quite overwhelming and beats 
I telegraphed to Berthelot at once yesterday . . . . ““Gas obtenu 


length of the brilliant line. 
argon. 


par moi clevite melange argon helium. Crookes identifie spectre. 


587.49 is the wave- 


Faites 


communication Academie lundi ... Ramsay. . . (12), (29). 


In the meantime Per Theodor Cleve, the Swedish chemist for whom the 
mineral cleveite had been named by its discoverer, Nordenskjéld, had his 


* Reproduced from T. Mary Lockyer and Winifred L. Lockyer, “The Life and 


Work of Sir Norman Lockyer,” by permission of Macmillan and Co. 
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student Langlet investigate it. Al- 
though Ramsay announced the dis- 
covery of helium before Cleve and 
Langlet had completed their research, 
the Swedish chemists were indepen- 
dent discoverers of the element. 
Langlet’s first helium was purer, in 
fact, than Ramsay’s, for he obtained 
a much better value for its atomic 
weight (13), (31), (32). The spec- 
troscopic measurements were made 
by Professor Robert Thalén (47). 





Krypton, Neon, and Xenon 


Ramsay continued to search for 
other inert gases, and in this he was 
aided by his assistant, Morris Wil- 
liam Travers. Dr. Travers, who was 





Per THEODOR CLEVE, 1840-1905 


born in London on January 24, 1872, 
studied at University College, and 
received his doctorate in 1893. Soon 
after this he became intensely inter- 
ested in Sir William Ramsay’s re- 


Professor of chemistry at Upsala. 
Chairman of the Nobel Committee for 
chemistry. Cleve and his student, 
Langlet, were independent discoverers 
of terrestrial helium. Sir William 
Ramsay’s announcement was made be- 





é fore their research was completed. 
markable new elements and in the 


possibility of discovering another one between helium and argon and two 
others of higher atomic weight than argon. 

Ramsay and Travers tried in vain to find these new gases by heating 
rare minerals. Their next attempt, and, in fact, their only hope, was to 
diffuse argon to separate it, if possible, into two fractions of different den- 
sity. Dr. William Hampson presented them with about a liter of liquid 
air, which they used, not for liquefying the argon, but for obtaining suffi- 
cient skill in manipulation so that they would not risk losing their precious 
fifteen liters of argon. They were careful, moreover, to save the residues of 
the liquid air in the hope that these might contain some higher boiling con- 
stituents. The residue left after most of the liquid air had boiled away 
consisted largely of oxygen and nitrogen, which Ramsay and Travers re- 
moved with red-hot copper and magnesium (18), (19). 

One day as the younger chemist returned to the laboratory after lunch, 
a colleague called gaily to him, “It will be the new gas this time, Travers,” 
and with pretended self-confidence he replied, ‘“‘Of course it will be.” 
Ramsay and Travers then examined the twenty-five cubic centimeters of 
residual gas, and when they found it to be inert, they immediately placed 
it in a Pliicker tube connected to an induction coil and observed its spec- 
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trum. There was a bright 
yellow line with a greener 
tint than that of the helium 
line and a brilliant green 
line that did not coincide 
with any line of argon, he- 
lium, mercury, or hydrogen 
(14). 

They discovered this gas 
on May 30, 1898, and named 
it krypton, meaning hidden 
(15). After working until 
eleven o'clock that evening 
on a density determination of 
the new gas, Ramsay and 
Travers found that it be- 
longed between bromine and 
rubidium in the _ periodic 
table, and so great was their 
excitement that the younger 
chemist almost forgot about 

Sir WILLIAM Ramsay, 1852-1916 his examination for doctor of 
Scottish chemist and physicist, who with Lord science which had been sched- 
Rayleigh and M. W. Travers, discovered the inert 
gases: helium, neon, argon, krypton, and xenon. uled for the next day (14). 
He also made a remarkable determination of the Although krypton was un- 
atomic weight of radon (radium emanation), the 
heaviest of the inert gases. doubtedly a new element 
of the zero group, it was 
not the one for which they had been looking. The gas they had been 
expecting to find would have appeared in the more volatile portion of the 
argon. Continuing their search for this lighter gas, Professor Ramsay 
and Dr. Travers liquefied and solidified the argon by surrounding it with 
liquid air boiling under reduced pressure, allowed the argon to volatilize, 
and collected the portion that distilled off first. This had a complex 
spectrum which Ramsay described in his notes as follows: ‘“‘Lightest frac- 
tion of all. This gave magnificent spectrum with many lines in red, a 
number of faint green, and some in violet. The yellow line is fairly bright, 
and persists at very high vacuum, even phosphorescence”’ (16). 
Dr. Travers said that the vacuum tube in which they examined this most 
volatile fraction of the argon left no doubt in their minds that they had 
discovered another new gas, for, said he, 


The blaze of crimson light from the tube told its own story, and it 
was a sight to dwell upon and never to forget. It was worth the 
struggle of the previous two years; and all the difficulties yet to be 
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overcome before the research was 
finished. The undiscovered gas 
had come to light in a manner 
which was no less than dramatic. 
For the moment the actual spec- 
trum of the gas did not matter 
in the least, for nothing in the 
world gave a glow such as we had 
seen (16). 


Willie Ramsay, Sir William’s thir- 
teen-year-old son, inquired, ‘““What 
are you going to call the new gas? I 
should like to call it novum.” His 
father liked the suggestion, but 
thought that the syncnymous term, 
neon, would sound better, and it is 
by this name that the gas discovered 
in June, 1898, is now known (16). 
In the brilliant neon signs on every 
business street one may now see at 
night the ‘“‘blaze of crimson light” 





that brought such deep satisfaction 
and contentment to Professor Ram- 
say and Dr. Travers. 

With the aid of a new liquid-air 
machine, they prepared larger quan- 
tities of krypton and neon, and by re- 


Morris WILLIAM TRAVERS 

Honorary professor in the University 
of Bristol. Formerly director of the 
Indian Institute of Science in Banga- 
lore. Codiscoverer with Sir William 
Ramsay of the inert gases, neon, kryp- 
ton, and xenon. He is an authority 
on glass technology. 





peated fractionation of krypton, a 

still heavier gas was separated from it, which they named xenon, the stranger 
(15). It was discovered on July 12, 1898. Vacuum tubes containing it 
show forth a beautiful blue glow. 

Sir William Ramsay (48) had a rare sense of humor. He once said of 
his visit to the Norwegian chemist, Waage, ‘‘He speaks a little German, and 
with my knowledge of Norse, which as you know is surpassed by few and 
equalled by none of the natives of that country, we got on very well.” In 
writing of a certain pleasure trip, he said, “I went to Paris with three spirits 
more wicked than myself, lawyers . . . a fearful compound, 3 lawyers and a 
chemist . . . just like NCI; for all the world, liable to explode at any mo- 
ment” (17). 

Sir William was also one of the finest linguists the scientific world ever 
produced. He could lecture in perfect German before a cultured German 
audience, or in French before an assembly of French scientists. When pre- 
siding in 1913 over the International Association of Chemical Societies, he 
astonished and delighted his cosmopolitan audience by speaking first in 





(1) 
(2) 


(3) 
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English, then in French, then in German, and occasionally in Italian, al- 
ways with perfect grace and composure. In spite of his splendid command 
of languages, his sense of humor sometimes led him to write to members of 
his family in the following vein: ‘‘Mi Car Dora, . . . Io hab recip vestr litr, 
ke era mult facil a comprendar ...” (17). 

Ramsay’s extended travels never dulled the enthusiasm with which he 
visited new scenes. Americans may read with pleasure his description of 
sreat Falls, Montana: 

It is a pretty town and perfectly civilized. By the way, in all Ameri- 
can towns the electric car is the chief feature. There are overhead 
wires, and cars like our tram cars run at a prodigious rate, careless of 
life apparently, yet there are very few accidents. I suppose the fittest, 
z.e., those who don’t get killed, survive. They are delightful as a form 
of motion and almost rival the bicycle. That creature, too, has 
penetrated everywhere, and is used even over the prairie (17). ‘ 


Sir William Ramsay’s later work on radioactivity is regarded as even 
more remarkable than his discovery of the inert gases. He died on July 23, 
1916, about three years before the death of his distinguished collaborator, 
Lord Rayleigh. 

Dr. Travers served from 1906 to 1914 as director of the Indian Institute 
of Science in Bangalore, and in 1921 he became president of the Society 
of Glass Technology (51). He is an honorary professor in the University 
of Bristol. In 1928 he wrote a book entitled ‘“The Discovery of the Rare 
Gases,”’ which is illustrated with pictures of apparatus and facsimile pages 
from Sir William Ramsay’s notebooks (9). 
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THE DISCOVERY OF THE ELE- 

MENTS. XIII. SUPPLEMEN- 

TARY NOTE ON THE DISCOVERY 
OF THALLIUM 


Mary ELvirA WEEKS, THE UNIVERSITY OF 
KANSAS, LAWRENCE, KANSAS 


Although no portrait of C. A. 
Lamy* was available when Part XIII 
of this series of articles was prepared 
for publication, Dr. Dains’s search for 
Ciaupg AucusTE Lamy one has finally ended successfully. 

1820-1878 1 ‘ a 
The accompanying portrait has been 


President of the Société Chimique de “ca; : 
France in 1873. The first person to pre- repr oduced from the Cinquantenaire 
pare an ingot of metallic thallium. He de la Société Chimique de France, 
made a thorough study of its compounds . . : > 

and proved that they are poisonous. which was published in 1908. 

Author of many papers on optics, elec- *J. Cuem. Epuc,, 9, 1427-9 (Aug., 


tricity, pyrometry, organic and inorganic 
chemistry, and sugar technology. 
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USABLE ANALOGIES IN TEACHING FUNDAMENTALS OF 
CHEMICAL EQUILIBRIUM 


WILLIAM E, CALDWELL, OREGON STATE COLLEGE, CORVALLIS, OREGON 


Three usable and interesting analogies are suggested in presenting the 
subject of chemical equilibrium before students first considering this subject 


matter. 


Many instructors have their own favored analogies in the teaching of 
students who are beginning with the study of chemical equilibrium. Some 
of the analogies that instructors present are better than others while some 
are not suitable in that they are cases of static instead of dynamic equi- 
librium. Certain instructors might like to know of analogies used by 
others in connection with this subject so herewith are presented a few 
particularly usable ones. 

A small boy playing on a moveable stairway and walking down the 
escalator as fast as the moving stairs pass upward presents an analogy of 
two reverse actions in which the position of the boy remains fixed, much 
as at equilibrium in a chemical reaction two reverse reactions result in 
constancy of proportions of reactants. The analogy may be expanded 
upon as to position of the boy when he started his play, corresponding to 
point of equilibrium, and result of hastening one action more than another. 

Suppose one considers a large number of mounted rookie cavalrymen 
who enter an enclosed field for practice in mounting and dismounting their 
horses. If the speed of mounting is equal to that of dismounting an 
average of half of the men will be mounted at one time. Let us consider 
that the horses are activated by some factor and the proportion of mounted 
and unmounted horsemen will change. This analogy permits of further 
elaboration. 

The analogy which is thought particularly fitting for consideration 
we will term the ‘‘dance-floor analogy.”” It is best considered in conjunc- 
tion with some simple equilibrium reaction such as: 


NaCl + KBr = KCl + NaBr 


Consider that a large dance is being given and a thousand couples enter 
the floor wearing dark clothes and an equal number wearing white clothes. 
As the music starts the couples begin dancing, and couples may be desig- 
nated as M,L, and M,,L, (M, standing for man in black, L,, being lady in 
white). 

This dance is unusual in that couples exchange partners as they collide 
instead of scowling at each other as usually occurs. After the music has 
gone on for some time and couples have exchanged partners on collision, some 
couples with light and dark clothes will be dancing together. The condi- 
tion may best be presented by equation: 


Moly + Mul = Molo + Molo 
2079 
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Four types of couples now exist on the dance floor much as four mole- 
cules in a solution (disregarding ionization in this preliminary discussion). 

One may well consider relative speeds of reactions in forward and 
reverse reaction; the forward reaction being rapid at first and diminishing 
in speed; the reverse exchange of couples being zero at first before such 
couples were formed, and attaining the speed of the forward reaction to 
establish an equilibrium. Other conditions being constant a numerical 
equality in number of couples would result, corresponding to fifty per cent. 
forward reaction. 

Increase in the speed of the music, ‘‘hot music,’’ enhances possibilities 

_of collision and both reactions hasten. Relative speed of music at first 
would govern speed in the attainment of equilibrium. The analogy be- 
tween temperature or catalyst and kind or tempo of the music is then 
apparent. 

One may impose the restriction that a man dancing with his own partner 
tries to avoid collision or oppositely dressed couples steer into them. In 
this manner the relative numbers of the different kinds of couples will 
change. The effect of relative affinities between atoms and resultant 
change in point of equilibrium is then similar. 

It is suggested a “‘dark’”’ man prefers a ‘‘blonde”’ so consider that M,Ly 
couples stroll out into the garden. If all such couples remove themselves 
as do insoluble gases or solid molecules in chemical reactions, our dance 
floor reaction goes to completion in one direction. 

These few paragraphs suggest how the analogy may be expanded to 
consider many of the factors involved in instilling an adequate concept of 
chemical equilibrium in a student’s mind. 

It is realized that analogies are seldom perfect but these few have been 
found especially usable in classroom discussion in instilling interest, and by 
association with the known, facilitating an understanding of the funda- 
mental factors of reverse reactions. 
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A NEW TYPE OF ATOMIC MODELS FOR ORGANIC CHEMISTRY* 


Joun B. ENTRIKIN, CENTENARY COLLEGE OF LOUISIANA, SHREVEPORT, LOUISIANA 


Structural formulas are an essential part of the study of organic chemistry. 
Molecular models aid decidedly in interpreting molecular configuration. 
It is suggested that the model for the carbon atom be made in the shape of a 
regular tetrahedron. Oxygen may be represented by a cube, and hydrogen by a 
sphere. The model atoms are attached directly, and not by long “valence 
wires.’ A set of models is used to illustrate the structure of isomeric hydro- 
carbons, geometrical and optical isomers, and the “‘type formulas’ of the 
important classes of carbon compounds. 


All teachers of organic chemistry recognize the necessity of teaching 
structural formulas. The large number of isomers of any one class, to- 
gether with the different kinds of isomerism, make the demonstration of 
molecular formulas very difficult on a plane surface. For these reasons, 
several attempts have been made to provide models of different atoms 
which may be assembled in such manner as to demonstrate molecular 
configuration, and especially to illustrate isomeric forms of the same 
substance. These attempts have been based on the representation of 
the atoms of the different elements by spheres, uniform in size, but differing 
in color, and provided with rigid or flexible wires of sufficient number to 
represent the valence of the element. The mechanical attachment of 
these wires makes possible the assembling of the atoms into molecules. 
These models all have their advantage, as indicated by their wide use. 
However, it has been my experience, as a student and as a teacher, that 
it is difficult to distinguish the atoms of the different elements, due to the 
fact that the models are all of the same size and shape. Characteristic 
groups, such as the —OH group, do not stand out distinctly. 

Since the theory of the configuration of the molecules of the carbon 
compounds is based on the tetrahedral shape of the. carbon atom (a fact 
which the Kekulé-von Baeyer, and the Pouleur'! models attempt to show 
by the position of the four valence wires), it occurred to me that a better 
model might be made by using a block in the shape of a regular tetra- 
hedron to represent the carbon atom. Diagrams occur in many books 
dealing with organic chemistry which make use of the tetrahedral shape of 
the carbon atom in illustrating molecular structures, particularly the 
isomeric forms of the same substance. It has proved quite illuminating 
for the instructor to be able to use tetrahedral carbon models to demon- 
strate the illustrations given in the textbook. 


* Presented before the Division of Chemical Education of the A. C. S. at Denver, 
Colorado, August 23, 1932. 

1 PouLEUR, “‘Atomic and Molecular Structure Models as a Visual Aid in the Teach- 
ing of Chemistry,” J. Cem. Epuc., 9, 301-16 (Feb., 1931). 
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METHANE ETHYL ALCOHOL Fumaric ACID 


This form of model allows the demonstration of single valence carbon 
linkages by attaching the vertices of the tetrahedra; ethylenic linkages 
by the attachment of an edge of one tetrahedron to an edge of another 


tetrahedron; and the acetylene type of linkage by placing the tetrahedra 
face to face. Since the model atoms attach directly and not by means of 
long wires, the angular valence relationship is very noticeable, and von 
Baeyer’s ‘‘strain theory’’ may be clearly demonstrated. 

In my demonstration set of models, I have used small spheres to repre- 
sent hydrogen atoms, and cubes to represent oxygen atoms. The diagonal 
of the face of the cube is the same length as the edge of the tetrahedron 
representing carbon. This allows the illustration of the double bond 
linkage between carbon and oxygen in the carbonyl group. In addition 
to the use of different shapes for the atoms of carbon, hydrogen, and 
oxygen, different colors have also been used to facilitate the ready recog- 
nition of the elements which comprise a given molecule. 
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BENZALDEHYDE HYDROGEN FORMALDEHYDE 
PEROXIDE 


A set of models, prepared as I have described, has proven very practical 
in illustrating the molecular configuration of such compounds as: primary, 
secondary, and tertiary hydrocarbons and the corresponding alcohols, 
members of the ethylene and the acetylene series of hydrocarbons, 
aldehydes, acids, ketones, ethers, esters, such geometric isomers as maleic 
and fumaric acid, such optical isomers as d-, /-, and mesotartaric acid, 
and numerous other compounds. 

Models for the atoms of other elements are now under consideration. 


CX, 


THE CONSERVATION OF IGNORANCE 


The influences of common life tend to form and to fix the attitudes of those who 
grow up in it. But these influences are not so imperious and compelling as formal 
education. The unschooled man may look at the world freshly, and if he has a great 
personality, the results may be significant. 

Amos, Democritus, Shakespeare, Franklin, Walt Whitman, Ford were original 
minds who made a difference in human affairs. Yet very few men have had their power 
without formal education to throw off the incubus of ignorance to great effect. 

Aristotle, Erasmus, Milton, Einstein surmounted the indoctrination of the schools 
and saw things new. Yet only powerful minds do that. 

For most men schooling is best. It disciplines, informs, and organizes the mind; 
gives it possession of accumulated culture; and allows free play to some elements of in- 
dividuality. As a rule little is lost by this process, for most men have but limited 
creative capacity and serve better as carriers of culture than as creators of it. 

Yet universal education tends so to intrench and fix the prevailing outlook that life 
may harden into a deep-set permanency, and become unable to recognize radically 
novel outlooks. Would it not be well to preserve a reservoir of able but unschooled and 


It would be better yet if we could devise some substitute for ignorance which would 
equip strong individuality with the data and methods for thinking, and yet leave the 
mind fresh and free for new outlooks.—Antioch Notes 


A SMALL LABORATORY FOR CHEMICAL MICROSCOPY 


Raymond D. Coo. 
ScHOOL OF MEDICINE, UNIVERSITY OF PENNSYLVANIA, * PHILADELPHIA 
Instruction in chemical microscopy is being ignored or neglected in a large 
proportion of the institutions of higher learning in this country. The usual 
excuse of the large expense involved in such instruction can hardly be justified. 
A brief description is given of a small laboratory for instruction in elementary 
chemical microscopy. 


The time and labor-saving features of chemical microscopy, its educa- 
tional value in the training of chemists, and some of its applications have 
been pointed out by Chamot (1), Chamot and Mason (2), (3), Lindsley (4, p. 
49), Benedict (5), and Mason (6). Willard (7), in a paper presented at the 
“Symposium on Analytical Chemistry” at the Atlanta meeting (1930) 
of the American Chemical Society, referred to the importance of micro- 
scopic methods and said that particular stress was being laid at the sym- 
posium upon the application of physical and physico-chemical methods 
because the extent of developments in these methods was not as widely 
known as it should be. The desirability of training in the use of the 
microscope was also pointed out in a report by a sub-committee of the 
Division of Chemistry and Chemical Technology of the National Research 
Council (8) which announced, ‘‘the microscope has come to be so valuable 
a part of research laboratory equipment that every research chemist 
should be well trained in its use.” 

As early as 1899 Chamot (9) wrote, ‘‘it is rather remarkable how slow 
American chemists have been in realizing the importance of the microscope 
as an adjunct to every chemical laboratory,” and in 1914, in the preface 
to the first edition of “Elementary Chemical Microscopy” (10), he again 
pointed out their reluctance to take advantage of the microscope as an 
important tool in the solution of their problems. In 1921, in the preface 
to the second edition of ““Elementary Chemical Microscopy’”’ (11), he noted 
an increase in their appreciation of the importance of the microscope as a 
laboratory accessory, and Lindsley [(4), preface] claimed that a slow but 
steady growth in instruction in chemical microscopy in American institu- 
tions of higher learning had resulted in the establishment of departments 
in at least seven of these institutions by 1926. 

In spite of the growing recognition of the value of the microscope as a 
tool for the chemist, and the general admission that its use involves not a 
new theory but a new technic which can be best learned practically under 
the direction of one familiar with it, training in chemical microscopy 
does not seem to have become as widespread as its importance would 
justify. A search through the catalogs of a number of institutions of 
higher learning in this country showed that relatively few list courses in 
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chemical microscopy, and the fact that some which list such courses do not 
actually give them makes the number of schools giving instruction in this 
subject still smaller. The frequent excuse of the large expense involved 
can hardly be justified. It seems quite possible that on visiting a depart- 
ment so magnificently equipped as that in Baker Laboratory at Cornell 
somebody unfamiliar with this work might be overcome with the realiza- 
tion that it would be impossible to reproduce such an outlay of equipment 
in his own department. He fails to realize that the department at Cornell 
is the result of a long period of development, and that it is not necessary 
to duplicate so great a material equipment, which probably is not equaled 
anywhere, for instruction in elementary microscopy. While it is true that 
a microscope costs more than the usual individual pieces of apparatus 
intrusted to undergraduate students it costs no more than some of the 
more special apparatus which has come to be regarded as necessary for the 
instruction of students in thorough courses in chemistry. The actual cost 
of material consumed in this work is so small that if it is averaged with the 
initial investment the average cost over a period of years will compare 
very favorably with the cost of any other laboratory course in chemistry. 
If the instructor concerned is willing to expend the time and energy much 
of tiie equipment can be prepared by him, and if he has at his disposal the 
services of a skilled mechanic the amount of material which can be produced 
locally is considerably increased. The apparatus which requires highly 
specialized expert workmanship must necessarily be purchased, but if the 
instructor has the codéperation and support of the administrative head of his 
department this can be managed without undue hardship in any but the 
most indigent departments. The special apparatus required is becoming 
more readily available in this country, and the amount of reference material 
in English has been notably increased recently. 

In order to indicate what might be accomplished on a small scale a brief 
description is given of a laboratory which was equipped under the direction 
of the writer* several years ago. With the sympathetic codperation and 
generous support of the head of the department of chemistry, the services 
of a skilled mechanic, and the expenditure of many hours personally he was 
able to accumulate, in a relatively small department with limited resources, 
equipment which though limited in amount was nevertheless of splendid 
quality and adequate for the work given in elementary microscopy. 

The laboratory, part of which is shown in the illustrations, was planned to 
take care ultimately of twelve students, but because of the lack of abundant 
resources provision was made for the immediate needs of only six students. 
By making plans in the beginning for the ultimate capacity of the labora- 
tory, plumbing and electrical installations could be arranged in such a 

* The writer is indebted to Dr. C. W. Mason of Cornell University for valuable 
advice in connection with the equipping of the laboratory. 
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Two VIEWS OF THE LABORATORY 


manner that they need not be changed in the future but could be added to 
as the need arose and resources became available. 

The wall case and microscopy tables were built by a local mill according 
to specifications furnished by the instructor. The shelving was put up by 
the departmental mechanic, and the plumbing and electrical installations 
were taken care of by the university plumbers and electricians, respectively. 
The tables, 27 inches high, were made slightly lower than the usual table 
provided for microscopes in the biological sciences so that a worker could 
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sit on a chair of normal height and still use a microscope with comfort. 
Stenographer’s swivel chairs with adjustable backs were used. The tops 
of the tables measured 60 X 33 inches, and had a “‘cut-out’’ space 8 X 22 
inches, as recommended by Chamot (12), and Chamot and Mason [(7), 
Vol. I, p. 136]. This “cut-out’’ was not in the middle of the table edge 
but slightly to one side so that a worker could swing from one side to the 
other on the swivel chair during various manipulations without bumping 
his knees into the drawer on the left or the cupboard on the right. Each 
table was provided with a double electrical outlet and a gas cock at its back 
edge. A reading lamp with flexible arm and containing a frosted blue 
“daylight” bulb was plugged into one of the outlets and used for ordinary 
artificial illumination. The other outlet was available for special apparatus 
which was used only occasionally. Bunsen burners with pilot flame attach- 
ment served for general heating purposes. The cupboard part of the 
table was built so as to offer its contents as much protection from dust as 
possible. It contained three well-fitting drawers which were covered by a 
single door. The latch was arranged so that the door was pressed tightly 
against its frame when the catch was closed, and could be locked with 
an ordinary laboratory padlock if desired. The lower parts of the tables 
were finished with a dark oak stain and the tops were painted with a 
“flat” black paint and lightly waxed to make them water repellent. 

A chemical laboratory table of the usual type, provided with air, gas, 
and water, and an outlet for direct current in the wall nearby supple- 
mented the equipment installed especially for microscopic work. 

Each student was provided with a chemical microscope equipped with a 
triple nosepiece, 32 mm., 16 mm., and 8 mm. achromatic objectives, 
5X, 7.5X or 8X, and 10X cross-haired eyepieces, a 7.5X or 8X micrometer 
eyepiece, a 7.5X or 8X net-ruled eyepiece, Abbe condenser, analyzer, 
polarizer, and stage micrometer. Two reagent blocks [Cf. (4), p. 51; (3), 
Vol. II, p. 22; (13), p. 18], each holding sixty 2-cc. glass-stoppered vials, 
were provided for each student. One of these blocks contained the mate- 
rials ordinarily required in the work in general microscopy [(3), Vol. I, 
p. 460], while the other held the reagents for microscopical qualitative 
analysis [Cf. (3), Vol. II, p. 401]. These reagent blocks were made and 
stained by the mechanic and treated with molten paraffin by the instructor. 
Empty vials, purchased from a laboratory supply house, were cleaned 
and filled by the instructor. A reagent block holding five 1-oz. bottles 
with ground-glass droppers for the common dilute acids and ammonium 
hydroxide were prepared in a similar manner for each student. A piece of 
plate glass, 12 X 12 inches, served to protect the table top during manipula- 
tions which might disfigure it, and also acted as a cover for the key charts 
to the vials in the reagent blocks. The students bought certain personal 
items such as ordinary slides, cover-glasses, dissecting needles, and forceps 
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from the chemistry storeroom. Drawing cameras and mechanical stages 
were shared by two students. 

The more important special apparatus which had to be purchased as 
single items and shared by the whole class included a Greenough binocular 
microscope with multiple, revolving nosepiece, 1.7 X, 3.4X, and 6.8 X objec- 
tives and paired 9X eyepieces, a quartz wedge, a “‘first order red’”’ selenite 
plate, a 4-mm. apochromatic objective with correction collar, a 10 com- 
pensating eyepiece with crosshairs, a fluorite oil-immersion objective with 
iris diaphragm, a comparison eyepiece, a vertical illuminator, a bi-centric 
dark-field condenser, a special cell for dark-field illumination, a cube of 
uranium glass, a cover-glass gage, a microscope lamp with short focus 
condensing lens, iris, and “‘daylite’” glass, a 45° totally reflecting prism 
for microprojection, an automatic arc lamp with rheostat, and a small 
water cell and “‘Aklo”’ glass filter for absorbing heat while using the arc 
lamp. 

Although some of the apparatus could not be selected directly from 
catalogs of the usual stock equipment handled by the manufacturers, and 
in some instances required special orders, the manufacturers were willing 
in every case to codperate in a most commendable manner and furnish 
material according to specifications and requirements. 

With the exception of some special reagent bottles [cf. (3), Vol. I, p. 139, 
Figure 65; Vol. II, p. 21, Figure 14] which required a special order, the 
glassware needed was readily obtainable from the standard stocks of 
laboratory supply houses. 

Most of the other apparatus required, such as sampling rods, crucible 
holders, cells for determining the refractive indices of liquids, glass crucibles 
(made from Pyrex test tubes), filtration tubes, and glass rods were made by 
the mechanic, the instructor, or both. Metal beads and paint films for 
practice in micrometry were prepared by the instructor who also collected 
materials such as abrasives, pigments, fillers, and fibers from various 
sources. The few reagent chemicals which were not already in the de- 
partment were practically all readily available on the market, and the 
professor in charge of the class in inorganic preparations kindly coéperated 
in the preparation of those which were not easily obtainable. 

In addition to the material mentioned above a number of reference books 
on general and applied microscopy were collected. 

Although the planning and equipping of such a laboratory in the manner 
described above may take a very large part of the instructor’s time, in- 
cluding holidays, the writer believes that it is well worth the effort. This 
phase of the chemist’s training has increased in importance until it should 
be slighted or ignored no longer, and the work is welcomed with enthusiasm 
by the student as a departure from the usual routine of analytical instruc- 
tion. 
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GX, 


NATURAL ETHICS 


Our best guides to conduct are the experience and judgment of mankind, informed 
and guided by exceptional intelligence and insight, and sincerely applied by our own in- 
telligence. Ethical discrimination is a natural outgrowth of aspiration, intelligence, and 
experience. Where these increase it will change for the better. If character grows lax 
or intelligence deteriorates, ethical judgments and standards will disintegrate or be 
debased. 

To view ethical standards as absolute and fixed, as though derived from super- 
human sources, is bad. Though this attitude may sometimes sustain standards through 
a period of ignorance, it will also cause deterioration, and will hinder growth and refine- 
ment of standards to meet changing conditions and increased insight. The demand that 
ethical standards shall remain fixed is often an effort to entrench injustice and privilege, 
or to evade the effort necessary to make conduct conform to more discriminating and 


better informed judgments.—Antioch Notes 











A PLAN FOR PREVENTION OF CROWDING IN SPECIAL 
APPARATUS ROOMS 


H. Boyp WYLIE, UNIVERSITY OF MARYLAND MEDICAL SCHOOL, BALTIMORE, MARYLAND 


A signal with removable numbers is hung at a point visible from every part 
of a student laboratory. A student removes a number from the panel, replaces 
it with an identifying card, thus restricting an apparatus to his use. When 
through he replaces the number and so releases the apparatus. The system 
maintains order and keeps records of users of apparatus. Directions for 
making and using the signal are included. 


Suceess in laboratory instruction depends on systematic management. 
One requirement is a plan to prevent waste of time and effort under com- 
fortable and unhurried working conditions. An attempt to fulfil this re- 
quirement is made in a number of teaching laboratories by providing special 
rooms for balances, colorimeters, and other special apparatus. This is 
good practice but the obligation of the department is not discharged by 
the mere provision of the rooms and the apparatus therein. Some regula- 
tion of student traffic in such rooms should be maintained in order to pre- 
vent crowding, inconvenience, waste of time, and dispute as to availability 
of apparatus. In addition, sometimes it is advisable to know who has 
used an instrument because of its condition when vacated or for the purpose 
of further instruction in its use. 

These conditions may be prevented and a check on apparatus use main- 
tained by a simple signaling device. Its preparation and use are described 
herewith. 

Benefits of the Apparatus Signal 


It systematizes laboratory procedure by the prevention of disputes, 
crowding, inconvenience, and waste of time in special apparatus rooms. 

It designates the number and location of instruments available at any 
moment to all students in the laboratory. 

It keeps special rooms free of all students except those actually using 
apparatus, and thus insures a comfortable place to work. 

It guarantees continued availability of apparatus until a student is 
through with it. 

It furnishes the instructor a separate chronologic record of the users of 
each apparatus. 

Its cost and maintenance are trifling. 


Directions for Constructing a Signal for Twelve Units 


Materials Needed: A board of well-seasoned, dressed white pine or 
cypress, 7/s X 15 X 18'/2”, or a sufficient number of narrower 7/3” strips 
carefully jointed and fastened by two screw-fastened clamps to make a 
single panel of the above dimensions. 
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A piece of dressed cypress or white pine—*/s X 4” X 5’. 

24 wire or finishing nails, 11/2”. 

1 box of upholstery tacks. 

1 piece of sand-paper, No. | or finer. 

15 arabic numerals 3 in. high, aluminum or painted white: 5—ones, 
2—twos, 1 each—3, 4, 5, 6, 7, 8, 9, 0. 

2 brass screw-eyes for hanging panel. 

Paint brush and black paint, dull-drying finish. 

A supply of paper or cards, found in any office, cut to3 X 31/2”. 
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FicurRE 1.—WorRKING DRAWINGS FOR SIGNAL BLOCKS AND FOR LOCATING THEIR 
POSITIONS ON THE SIGNAL PANEL 


Paste. 

White shellac. 

Preparation of the Signal: Signal panel—’/s X 15 X 181/2”. Bevel 
the edges of the front surface of the large panel and sandpaper it all over. 

Signal blocks—*/, X 4 X 4”. Cut 12 square blocks, 4 X 4”, from the 
*/s” material. Bevel the edges of one side and sandpaper all over. 

Mark one block for drilling as follows (see Figure 1, upper left corner) : 
Scribe a faint line across the grain of the wood, 5/; in. from, and parallel to, 
one edge and mark two points, on this line, 1 in. from the right- and left- 
hand edges, respectively. Centered on these points, drill 1/,-in. holes 
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from the front of the block, 
being sure to press the back 
of the block against a second 
piece of wood to prevent 
tearing of the block by the 
drill when it emerges. 

Use this drilled block as a 
template for drilling the re- 
maining 11 units; take the 
ral A¢ \ “4 same precautions in drilling, 

: 3 me Sime | = and smooth up the hole open- 
AW A reser) = ings in all blocks. 
| eee Locating the Blocks and 
Supporting Nails on the 
Panel: Mark faint pencil 
guide lines on the large 
panel. See Figure 1 for working drawings showing positions of these lines. 

Number the 4 X 4” blocks on the backs from | to 12, by indenting the 
wood surface. With the holes at the top and the beveled surface at the 
front, line up each block, at its correct position, with the upper and right 
sides of its locating rectangle on the panel. Mark the nail positions for 
each block, at the upper poles of the holes, by indenting the panel surface; 
do not drive nails as yet. 

Finishing the Signal: Paint the panel and 12 blocks with two coats 
of black paint; allow plenty of time to dry after each coat. Then drive the 
24 supporting nails into position, at right angles to the panel, leaving 1 inch 
exposed. 

Tack the numerals to the 
small blocks. 

Drill starting holes in the 
top edge of the panel for 
screw-eyes. Insert the screw- 
eyes. Hang the 12 numbered 
blocks in order. 

A space remains at the 
bottom of the panel for a 
card-holder into which is 
slipped a card on which is 
specified the type of appa- 
ratus controlled by the signal. 
(Figures 2 and 3 at the bot- 
tom.) 











FIGURE 2.—SIGNAL COMPLETE AND READY FOR 
Use. It CONTROLS THE USE OF 12 BALANCES 





‘ P FiGURE 3.—SIGNAL IN OPERATION, SHOWING 
Figure 2 shows the signal Tuat BALANnces 1, 2,7, 10, AND 12 ARE IN USE 
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k, complete; Figure 3 shows the signal which here indicates that balances 
ck 1,2, 7, 10, and 12 are not available. 
: Preparation of Student Directions for Using the Signal 
1e The following card is placed at the bottom of the panel: 
BALANCES 
a 
ss See back of number for directions. 
le Cut 12 squares of paper to fit the backs of the signal blocks and type on 
z, them the following directions: 
9 Directions.—Replace this number with a card showing your name, 
locker number, and the number you selected. Proceed to the appa- 
d ratus room. Hang the number block in back of the corresponding 
e apparatus. This guarantees the continued availability of the instru- 


ment, even in your temporary absence. When through with the 
apparatus, return the block to the correct position on the panel, 
é covering your name card, which you leave in place. Do not remove 
any name card from any position on the panel. 


Paste directions on reverse side of number blocks. When dry, protect 


with white shellac. 
How to Use the Signal 


Hang the signal panel not higher than 7 feet at a point easily seen from 
any part of the laboratory. 

Provide, near the signal, a supply of white cards or paper 3 X 31/2”. 
When a white card replaces a number on the panel, the signal is seen and 
; understood. 

Notify students of the purpose of the signal; their codperation in its use 
is assured. 

The signal was devised in this laboratory, where its success has been 
demonstrated in keeping with all claims made for it. 




















DIFFERENCE QUOTIENTS AND THEIR APPLICATION TO CER- 
TAIN TYPES OF EMPIRICAL EQUATIONS IN PHYSICAL 
CHEMISTRY 


THOMAS DE VRIES, PURDUE UNIVERSITY, LAFAYETTE, INDIANA 


The interpolation and representation of functions by algebraic poly- 
nomials as based on the theory of finite differences is well known, but this 
method fails for unequal spacing of the variables. The method of differ- 
ence quotients discussed by Ballantine! is a generalization which will 
apply to unequally spaced intervals, or even to cases where the value of 
the first derivative of the function is known for one or more points. In 
this paper is shown the application of this more general method to equa- 
tions such as are often used in the tabulation of scientific data, namely, the 
equation 

yeathxe+ex?+....., and log P = A/T + BT+C. 

If we let x and y represent the independent and the dependent variable, 
respectively, we must calculate the following finite differences and difference 
quotients. (We refer the reader to the original paper for mathematical 
proof.) 


Xe 


2— % X%3 — xX 
Aix, = - ce —; Aor, = — ° 


2 
in general 


Xntk — X 
Ata = sae? aes also Ai = y2 — ¥1; and 


in general, for first order differences only, 
AIYn = Fast —~ Fue 

To calculate the second order differences of y, we need first order difference 
quotients, Qiy, = Ary,/Aix,. (Distinction from the method of finite 
differences.) Second order differences are then Azy, = QiVn +1 — Qin: 
For third order differences, we repeat the process, using second order differ- 
ence quotients. In general, A, 41¥n = Qe¥n+1 — Qe¥n and Qpyn = 
Apvn/ ApXp. These differences and difference quotients can be arranged 
in the following manner: 


x ¥ 
x vi 
Aix; Ai Om 
Aox1 X2 Yo Aoi Qoyi 
A3%1 Aix Aiye Qiye Asyi1 Qs 
AoXxX2 X3 Ys Asy2 Qa 
Aix3 Aiys Q ¥3 
x4 M4 


The equation connecting x and y will be given by 

y=nrt Cun (x — m1) + oe (x — x) (x — x) + Cay (x — Wie — Ha).0 oocee en 
; (x — Xn) 

1 BALLANTINE, Am. Math. Monthly, 26, 53 (1919). 
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As an example, let us assume that y has the values 7, 5, 35, and 47, 
for x equal to0, 2,7,and8. We will then have 


* y 
0 7 
2 —-2 —1 
7/2 2 5 7 2 
8/3 5 30 6 0 0 
3 7 35 6 2 
1 12 12 
8 47 


and the equation will be y = 7—1(x—0) + 2/2! (x—0)(x—2), which 
simplifies to_y = x? — 3x + 7. 

The method exemplified with integer numbers is applicable to such 
cases as finding an equation for the thermocouple corrections tabulated in 
Table I. 


TABLE I 
Thermocouple Corrections 
Observed Microvolts 

TA. Microvolts from Table Correction 
273.1 we ars 0 
209.06 4469 4497 28 
151.438 7734 7798 64 

84.60 10523 10623 100 


For this example, the differences and difference quotients are arranged as 
follows (e’ = e X 107%): 


e mv. 
0 0 
4.469 28 36.265 
3.867 4.469 28 4.761 1.2312 
3.508 3.265 36 11.026 —0.6095 
3.027 7.734 64 1.882 0.6217 
2.789 36 12.908 
10.523 100 —0.1788 


We obtain the equation 
mv. = 0 + 6.265e’ + 0.6156e’ (e’ — 4.469) — 0.0289e’ (e’ — 4.469)(e’ — 7.734) 
which can also be written as 
mv. = 2.52(e/1000) + 0.968(e/1000)? — 0.0289(e/1000)* 


The method of difference quotients can also be applied to those equa- 
tions which with some slight modification or change of variable can be 
written in the form just exemplified. For example, the coefficients in the 
equation, log P = A/T + BT + C, can be determined by this method if we 
consider T log P as the dependent variable. For the sake of an example, 
the vapor pressure of liquid oxygen is given in Table II, and applying the 
method of difference quotients, we obtain the equation 


— 417.925 
Fr 
(Concluded on page 2098) 


log Pas = bisasd 0.006332 I is oa 8.0875 








AN IMPROVED METHOD OF INTRODUCING THE SAMPLE 
INTO A VICTOR MEYER VAPORIZATION CHAMBER 


ALBERT DriEtTz,* UNIVERSITY OF TOLEDO, TOLEDO, OHIO 


A number of modifications of the original Victor Meyer vapor-density 
apparatus have been suggested in an effort to increase the accuracy and 
speed of operation,'**4 but the student in the physical chemistry labora- 
tory still experiences considerable difficulty in making molecular-weight 
determinations by this method. The preparation of the sample and its 
introduction into the vaporization chamber is one of the chief difficulties. 
Two methods are in common use: (1) the sample is either sealed in a thin- 
walled glass bulb and dropped to the bottom of the vaporization chamber 
where it is broken by impact, or (2) placed in a small glass-stoppered 
weighing bottle and dropped onto a mercury or asbestos cushion. If the 
first method is used the student is often required to blow his own bulbs, 
and, unless he has had experience at glass-blowing, he will waste a number 
of hours in obtaining bulbs of the proper wall thickness. Even after he 
has acquired sufficient skill to blow the bulbs many may break too soon, 
and it also often happens that the bulb fails to break when released. 
Should this happen much time is wasted in removing it, for it may break 
in a future determination. If the weighing bottle is used it must be re- 
moved after each determination to avoid breaking it when the next sample 
is introduced. Since it is not sealed some of the liquid may escape before 
the proper time, and if the stopper is put in too tightly it may not blow out 
when it should. The cost of the glass-stoppered weighing bottles is a 
further disadvantage. MacInnes and Kreiling* and Chapin‘ have sug- 
gested methods whereby a bent capillary may be broken from the capsule. 
Their methods have some advantages, but it is sometimes hard to bend the 
capillary so that it will fit into the set-up. The method here described 
overcomes some of the disadvantages of the other methods. 

The cross-section of the arrangement is shown in Figure 1. The top of 
the inner jacket of the Victor Meyer apparatus is fitted with a rubber 
stopper, through which extends the glass tube A of about 4 mm. inner 
diameter. B is a glass rod that will slide easily through A. At the top 
is a rubber tube Ct which is tightly wired to the glass tube A, and its upper 


* Senior in chemistry at the University of Toledo. 

t 3/16” black-gum rubber tubing serves well. 

1 PATTERSON, “‘A Simple Form of Release for Victor Meyer’s Vapor-Density 
Apparatus,’’ Chem. News, 97, 73 (1908); Chem. Abstr., 2, 1217 (May 10, 1908). 

2 Git, “Modification of Victor Meyer’s Vapor-Density Apparatus,” J. Chem 
Soc., 102, 537 (1912); Chem. Abstr., 7, 1117 (Apr. 10, 1913). 

3 MACINNES AND KREILING, “‘An Improved Victor Meyer Vapor-Density Appara- 
tus,”’ J. Am. Chem. Soc., 39, 2350-4 (Nov., 1917). 

4 CuHapin, ‘‘A Modified Victor Meyer Apparatus,” J. Ind. Eng. Chem., 4, 684 
(Sept., 1912). 
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end is clamped securely with a screw clamp to prevent leakage. D* 
is a short piece of heavy-walled tubing which resists stretching to any 
great extent, and with an inner diameter a little less than a piece of common 


glass tubing. Into D fits the 
capsule E containing the liquid 
of which the molecular weight 
is to be determined. ‘This tube 
is shown in more detail in Fig- 
ure 2, and is made by heating 
glass tubing in a narrow flame, 
and then quickly drawing it out 
to a fine capillary. A whole 
string of these can be made from 
a piece of glass tubing in less 
time than it would take to blow 
one bulb. The tube may be 
easily filled by applying a gentle 
suction at one end until the 
proper amount of liquid has 
entered, and then it is sealed at 
both ends. If the liquid is very 
volatile it must be filled by dis- 
placement of air. 

The arrangement is fitted into 
the apparatus, and when it has 
come to a constant temperature 
the glass rod is pushed against 
the upper capillary, breaking it, 
and then with a second push the 
tube falls to the bottom break- 
ing the capillary at the other 
end. With both ends open the 
liquid easily and rapidly dis- 
tils out. The rubber tube D 
must hold the capsule £ tightly 
enough to permit the breaking 
of the one capillary, and the 
tube C is of such a size to allow 
the passage of the glass rod, at 
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the same time holding it tightly enough to prevent its falling to the bottom 


when the capsule is released. 


* 3/1," heavy-walled red rubber tubing should be used. 
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Summary 

A method which makes the Victor Meyer determination more rapid and 
less liable to mishap is described. The tube described for holding the 
sample has the advantage over the usual thin glass bulb in its ease of prepa- 
ration and filling, and in the certainty of its breaking. Its advantage over 
the weighing bottle lies in the impossibility of premature vaporization of the 
liquid, for it is sealed at both ends. The tubes may be stored in cotton 
packing until needed. The whole arrangement is compact, easily made, 
and easily manipulated, and has proved to be successful. 


OK, 


(Continued from page 2095) 
TABLE II 


Vapor Pressure of Oxygen? 

T°A. Pam. T log P 
71.72 64.01 129.545 
81.09 263.19 196.260 
90.15 760.00 259.710 


The method of difference quotients can also be used in those cases where 
the value of the first derivative is known. In theory, this amounts to 
giving the value for the difference quotient for two values of y which are 
identical. This is evident because dy/dx is the limiting value of (ye—y:) / 
(%2—2), as the two points (x1, y:) and (x2, yz) approach each other. Assume, 
for example, that when x has the value 1 and 4, y has the value 3 at both 
points. Also that the value of the first derivative is —3 forx = 1. The 
calculation and result are as follows: 

x y 
1 3 
0 
3/ 1 3 
3 
4 3 
y = 3 — 3x — 1) + 2/2"(x — 1)? 
y= x? —Sx +7 
Such cases are not likely to arise for the fitting of curves to data, but may 
be of interest mathematically. Ballantine (loc. cit.) has shown how to 
interpolate a logarithmic function more quickly, since in this case the first 
derivative can be calculated readily, namely, if y = log x, then dy/dx = 
0.43429 /x. 

The method of difference quotients is applicable only to those functions 

which can be expressed as a polynomial in x. 


2 “Int. Crit. Tables,’ Vol. 3, p. 203. 
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THE MAKING OF OZONE AS A LABORATORY EXERCISE 


Guy M. LisK, NORTHWESTERN STATE TEACHERS’ COLLEGE, ALVA, OKLAHOMA 


The purpose of this article is to describe the construction of an ozonizer 
that can be made by the student in the laboratory thus enabling him to 
make ozone, and at the same time supplement the time-honored sulfur 
exercise to illustrate allotropism. The accompanying figures are self- 
explanatory. 

The bottle B is filled with oxygen collected in the usual way over water, 
using sodium peroxide. (Po- 
tassium chlorate will not serve 
the purpose on account of im- 
purities in the gas generated.) 
Cork A is inserted, and the 
wires C,C’ brought in contact 
with wires from an induction 
coil for from 5 to 10 seconds. 
The presence of ozone can be 
proved by the odor, by the 
starch-iodide test, and by the 
blackening effect on a silver 
coin. 

The material needed by the 
student for these ozonizers is 
readily available in the labo- Zz. 


ratory except possibly the two Ficure 1 FIGURE 2 
A—2-hole rubber cork 
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straight pieces of copper wire. Wiis cenuthad bowtie 
The construction of the ozo- C,C’—No. 16 bare copper wire 
T—Glass tube 


east the setting up of the G—Glass tube, closed at lower end. (In the 

sodium peroxide oxygen gen- simplified form, Figure 2, G is left — and 
: the wires shortened to prevent sparking. 

erator, the making of the R,R’—Rubber bands, cut from rubber tubing 


starch-iodide solution, etc., af- 
ford a pleasing and a profitable laboratory exercise. 

One induction coil (a Ford coil works nicely) placed on a side-shelf with 
the secondary wires arranged so the wires C,C’ may be easily placed in 
contact will serve an ordinary laboratory section. 

The presence of moisture does not interfere when the bottle is filled with 
pure oxygen, but when air is used the bottle should be dry and the current 
passed for 15 to 20 seconds for best results. 

Figure 2 illustrates a simplified form of apparatus which may be thrust 
through a hole in a cardboard placed over a bottle of oxygen or air. 
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SECRETARY’S REPORT—DIVISION OF CHEMICAL EDUCATION, 
DENVER MEETING OF THE A. C. S.—AUGUST 22-26, 1932 


The 84th meeting of the American Chemical Society was a memorable 
one in every respect. Most unusual entertainment features and an 
excellent program were permeated with such an abundance of Western 
hospitality as to leave the 900 guests literally breathless. 

Meetings of the Division of Chemical Education were held as announced 
in THIS JOURNAL (9, p. 1592) with an average attendance of 150 and a peak 
attendance of over 300 during the Pyrex glass-blowing demonstration. 

Local high-school students were responsible for arranging twenty-nine 
exhibits, some of which represented individual industries while others 
emphasized principles or historical developments. These exhibits were a 
center of interest and caused much favorable comment. They were 
classified as follows: Acheson Corporation, Graphite; Acheson Oildag Co.; 
Aluminum Company of America; American Cyanamide Co.; Armstrong 
Cork Co.; Bakelite Corporation; Bausch and Lomb, Optical Glass; 
Boiler Scale; Chemistry of Insulation; Climax Molybdenum Mill; Colo- 
rado Iron and Fuel Co.; Coors Porcelain Co.; Copper and Brass Research 
Association; Dow Chemical Co.; Dynamite; Evolution of the Tin Can; 
General Electric Co.; Heide Glass Co.; Hercules Powder Co.; Ideal 
Cement Co.; Kimball Glass, Babcock Mill Test Co.; Morey Mercantile 
Co., Coffee; Naval Stores Produce Co.; Pacific Coast Borax Co.; Paints 
and Varnish; Parke, Davis & Co., Vaccines; Pyrex Glass; Roofing; Shell 
Petroleum Corporation. 

The Editorial Staff of the Division held a luncheon meeting which was 
attended by Nem E. Gorpon, Editor-in-Chief; Lyman C. NEWELL, 
Boston University; G. Ross ROBERTSON, University of California at Los 
Angeles; J. W. Howarp, University of Montana; B. J. Orro, University 
of Florida; PAULINE B. Mack, Pennsylvania State College; G. H. WHITE- 
FORD, Colo. Agri. College; WILHELM SEGERBLOM, Phillips Exeter Academy; 
Joun D. CLarK, University of New Mexico; B. CLIFFORD HENDRICKS, 
University of Nebraska; H. W. Mose.tey, Tulane University; H. C. 
SHERMAN, Columbia University; W. D. BONNER, University of Utah; 
O. F. STaFForD, University of Oregon; J. S. Guy, Emory University. 
All suggestions sent in by absent editors were first considered and then each 
editor was requested to make his suggestion on the improvement of the 
JouRNAL OF CHEMICAL EpucaTion or The Chemistry Leaflet. Some very 
excellent ideas were received and will be carefully considered by the edi- 
torial staff to be incorporated in future publications. 

The Division luncheon preserved unbroken the record of a long series of 
most enjoyable reunions of this kind at national meetings of the A. C. S. 
About 75 attended. Dr. W. D. ENGLE of the University of Denver 
presided, and introduced in turn ROBERT COLLIER, JR., vice-chairman, who 
welcomed the guests on behalf of the Division; Dr. A. B. Lams, president- 
2100 
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elect of the A. C. S., and Dr. HARRISON HowkE, editor of Industrial and 
Engineering Chemistry, who convincingly showed their interest in chemi- 
cal education; Dr. Nem E. Gorpon, editor-in-chief of the Divisional 
publications, and PRoFEssoR PAULINE B. Mack, editor of The Chemisiry 
Leaflet, who described these major activities of the Division, and inci- 
dentally, the difficulties which have arisen. Greetings from Denver 
educational circles were brought by HOMER W. ANDERSON, deputy super- 
intendent of Public Instruction, and H. V. Kepner, principal of the 
West High School, who stressed the importance of and some of the problems 
involved in the teaching of chemistry. At the close of the luncheon the 
group assembled for a photograph. * 

An outstanding entertainment feature was the complimentary all-day 
auto trip into the mountains for members of the Division and their families. 
One hundred and thirty-four persons were the personal guests of “Bob” 
Collier, our genial presiding officer for the entire outing which ended witha 
delicious beefsteak fry in Estes Park. 


Minutes of the Meeting of the Executive Committee 
8-10 a.m., August 22 


Present: ROBERT COLLIER, JR., vice-chairman; VIRGINIA Bartow, 
treasurer; NEIL E. GorDON, editor-in-chief; C. F. L. Monr, local secretary; 
and, by invitation, EDWARD BARTOW, PAULINE B. Mack, and WILHELM 
SEGERBLOM. 

REPORTS OF OFFICERS 


1. Secretary. The Secretary reported by letter that there are now 549 
active and 800 associate members. Letter ballots since the New Orleans 
meeting have resulted as follows: 

(1) Approval of E. N. Roperts, E. R. Scurerz, and G. L. Grrarp to 
represent the Wyoming Science Teachers Association in the Senate of 
Chemical Education. 

(2) Approval of tentative budget proposals for the JouRNAL OF CHEMI- 
CAL EpucaTion and The Chemistry Leaflet for the fiscal year ending July 
1, 1933. During this period The Chemical Foundation, Inc., has prom- 
ised a grant-in-aid of $20,000 to be devoted exclusively to these two 
publications, provided the Executive Committee works out at once a satis- 
factory plan for continuing these two publications after that date. It was 
voted to allocate $15,300 of the sum to the JouRNAL and $4700 to the Leaflet. 

(3) Appointment of Otro ReinMuTH as editor of the JOURNAL OF 
CHEMICAL EpucATION and PAULINE B. Mack, as editor of The Chemistry 
Leaflet (NEIL E. GORDON remaining Editor-in-Chief of the Division). 

During the past six years the duties of the Secretary’s office have con- 
sistently absorbed about half the time of the Secretary and have required 
the help of a full-time secretarial assistant. The Secretary has contributed 
his. own services while the assistant has been paid from Division funds. 


* Copies of the photograph, which appears on page 2101, may be purchased from 
the Van Bradt Photo Shop, Denver, Colorado, for 60 cents unmounted and 75 cents 
mounted. 
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Qn account of an increasing teaching and administrative load, the Secre- 
tary asked to be relieved at this time and presented his resignation to take 
effect at the Denver meeting. 

It was voted to accept the report but to ask the Secretary to reconsider his 
resignation and to serve until the expiration of his term in September, 1933. 

2. Local Secretary. The Local Secretary outlined his activities in 
preparation for the meeting, consisting chiefly of contacting chemistry 
teachers in the Denver area, acting as liaison officer with the various stand- 
ing committees of the host section, etc. 

The report was accepted with most cordial thanks to ROBERT COLLIER, 
Jr., for his wonderful hospitality in donating the beefsteak fry and trans- 
portation for the Estes Park trip Thursday, and to the Local Secretary, 
C. F. L. Monr, for the fine way in which the meetings and programs had 
been arranged. 

3. Treasurer. The Treasurer reported that the bank in which the 
residual division funds were on deposit would probably open its doors early 
in the fall on the basis of a 60% payment to all depositors. Until such time 
it will be impossible to balance the books of the Division. 

4. Editor-in-Chief. The Editor-in-Chief reported upon the tenta- 
tive proposals concerning the operations of the JOURNAL OF CHEMICAL 
EpucATION for the fiscal year ending July 1, 1933. The Editor of The 
Chemistry Leaflet reported that, with certain minor changes and readjust- 
ments, the Leaflet could be published during 1932-33 with a balanced budget. 

It was voted to publish the Leaflet in 34 issues during 1932-33. 

It was voted that a committee be appointed with power to act, consist- 
ing of the departmental editors of the JouRNAL OF CHEMICAL EDUCATION, 
with Ross A. BAKER as chairman, to bring a final report to the Executive 
Committee on or before the Washington meeting as to the disposition of the 
JOURNAL OF CHEMICAL EpucaTIOon and The Chemistry Leaflet. 


New BvusINEss 


1. It was voted to accept with deep regret the resignation of Dr. Wm. 
McPHERSON as one of the Departmental Editors of the JOURNAL OF 
CHEMICAL EpucaTION who relinquished this post due to heavy duties as 
Dean of the Graduate School. 

2. It was voted to make a reassessment of $2.00 for each active member 
and $2.00 for each associate member of the Division, subscription to the 
JouRNAL OF CHEMICAL EpDuCATION to be $3.00 extra. 

3. It was voted to constitute a new committee on “The Preparation of 
High-School Teachers.’’ [Resignation of previous Chairman reported in 
J. Cuem. Epuc., 9, 1484 (Aug., 1932).] 

4. It was voted that guests on the Thursday complimentary trip be 
limited to paid-up active and associate members of the Division. 

5. It was voted to invite H. C. GRaHam to become a member of the 
Committee on Minimum Equipment (J. H. Jensen, Chairman). 


Meeting of the Senate of Chemical Education 
2:30-4:00 p.m.—August 24 


ROBERT COLLIER, JR., presiding. 
Present—R. C. Assott, Lincoln, Neb.; Epwarp Bartow, Iowa City, 
Iowa; VIRGINIA BarRTow, Urbana, Ill.; C. W. BorKtn, State College, New 
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Mexico; CuHas. W. Cuno, St. Louis, Mo.; Neri E. Gorpon, Baltimore, 
Md.; Harrison HALg, Fayetteville, Ark.; M. G. MELLON, Lafayette, 
Ind.; CriirrForD F. L. Mour, Denver, Colo.; Hat W. MOosELeEy, New 
Orleans, La.; J. B. Parsons, Omaha, Neb.; Neat Rice, Canon City, 
Colo.; CHESTER RoBerTs, Hamilton, N. Y.; E. R. Scuierz, Laramie, 
Wyo.; HERMAN ScHLUNDT, Columbia, Mo.; WILHELM SEGERBLOM, 
Exeter, N. H.; Orto M. SmitTu, Stillwater, Okla.; O. F. Starrorb, Eugene, 
Ore.; G. H. WHITEFORD, Ft. Collins, Colo. 


COMMITTEE REPORTS 


1. Chemical Education of the Non-Collegiate Type. R. E. Bow- 
MAN, Chairman, presented by letter a progress report which was accepted. 
The results of a questionnaire are being tabulated and will be presented at 
the Washington meeting. 

2. Chemistry Clubs. The chairman of this committee presented the 
following report which was accepted. 


The Committee on Chemistry Clubs will continue its policy of devoting one issue of 
The Chemistry Leaflet each year to the organization of student chemistry and chemistry 
clubs. The Chemistry Club Corner in each weekly issue of The Chemistry Leaflet will be 
continued as usual. 

The chief activity of the Committee for the past year has been the inauguration of a 
survey of existing chemistry clubs. This work, which is about two-thirds finished, was 
interrupted for want of funds for completing it this year. Questionnaires are ready for 
covering the rest of the United States, and the survey will be completed as soon as 
possible. : 

On the questionnaires which were sent out to find the location of existing clubs, the 
question was included as to whether or not the formation of a chemistry club for the 
school in question was contemplated. Over 500 schools from the parts of the country 
covered indicated that they were contemplating the formation of such clubs, and re- 
quested information pertinent to the subject. To each of these, a copy of the issue of 
The Chemistry Leaflet on Chemistry Clubs (Vol. 5, No. 2) was sent. To each one also 
was mailed a copy of the article on ‘‘The First-Year Chemistry Course,” which contains a 
comprehensive list of slides, motion pictures, and chemistry club programs, arranged 
according to subjects. A rapid growth of chemistry and science clubs in high schools 
and among undergraduates in colleges during the past few years has been indicated by 
the partially completed survey. The number of clubs found to exist in the country will 
be reported when the survey shall have been completed. The findings of the committee 
during the past year point to the probable desirability of the formation of some national 
affiliation of the active student science clubs as a junior organization sponsored by a 
chemistry teachers’ organization. A precedent for such a student society has been set 
in the field of home economics. The student home economics clubs send delegates 
each year to attend an annual meeting held at the same time as the American Home 
Economics Association meetings, and under the auspices of this group. This plan has 
been highly successful and has done much to instil a professional attitude in the young 
people attending these national meetings. 

ROBERT COLLIER, JR. 
J. J. ConDoN 
E. A. ENGLE 
J. A. Rippick 
PAULINE BEERY MAck, Chairman 
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3. Chemical Education by Radio. R. F. McCracxan, Chairman, 
presented by letter a progress report which was accepted. 

4. Chemistry Libraries. Rurus D. Reep, Chairman, presented by 
letter the following report which was accepted. 


Since our last report submitted at the New Orleans meeting, we have carried out our 
plan of writing letters to the publishing companies of all books and magazines on our 
tentative list, requesting a statement of 50 to 100 words from the author or, if he was not 
available, from one who in their estimation was capable of making the statement, as to 
the features of the book or magazine which make it suitable to be included in the list. 
In cases where we knew the addresses of the authors we wrote to them directly. We 
have answers to these requests from a considerable number of authors. 

There remains of our plan: to examine these books together with the statements 
from the authors, determine which books are suitable to be included in the list submitted 
to the Division of Chemical Education. We will then compile the list together with a 
statement of the value of each book or magazine to the pupils or teacher. We plan to 
suggest books for first purchase and for libraries with very limited funds. This will 
complete our assignment. 


5. Correlation of High-School Chemistry. Nei E. Gorpon, Chair- 
man, reported as follows: 


The committee has continued its work upon the revision of the correlation outline, 
but is sorry to report that it is not yet completed and probably will not be completed 
before the Washington meeting. 


6. Examinations and Tests. O. M. Smitu, Chairman, presented a 
progress report which was accepted. 

7. Labels. J. M. MiIcHENER, Chairman, reported that Robert A. 
Haag of New York, and the Central Scientific Company of Chicago have 
issued label books entirely according to the specifications of the committee. 
It is hoped similar arrangements will be made with other publishers. 

8. Major Topic Organization of High-School Chemistry. No report. 

9. Mathematics for Chemists. The chairman distributed copies of 
his report for discussion. The report was accepted. (See this issue, p. 
2108.) 

It was voted to send a copy to the American Mathematics Association. 
It was also recommended that at least a page in the JOURNAL OF CHEMICAL 
EDUCATION be devoted to this phase of chemical education. 

10. Minimum Equipment for High-School Chemistry. J. H. JEN- 
SEN, Chairman, presented the following report which was accepted. 


At the Denver meeting the committee presented a tentative list of chemicals for 
high-school chemistry. This list is based on the list of experiments as proposed by the 
Division of Chemical Education and has been checked against five of the commonly 
used high-school manuals. Members of the committee are checking the lists against 
8 to 10 additional manuals. The list indicates the desirable quantity of chemical to 
be purchased, with grade specified in each case, and the actual amount used by a class of 
eight pupils. This makes it possible to determine the most economical quantity to buy 
and also how many students a given quantity of chemical may serve. A list of the ex- 
periments was also given. An attempt is being made to reduce the variety of chemicals 
usually suggested by specifying carbon disulfide instead of carbon tetrachloride or 
chloroform; magnesium sulfate for magnesium chloride or nitrate, etc. Dangerous 
chemicals are also indicated. 
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11. Minimum Standards. J. N. Swan, Chairman, presented by 
letter a progress report which was accepted. 

12. Naming and Scope of Committees. WILHELM SEGERBLOm, 
Chairman, presented the following report which was accepted: 


Only one matter was referred to our committee at the New Orleans meeting, viz., 
the question of constituting a new committee on Preparation of High-School Teachers 
to carry on work relating to their activity. Dr. Currier’s committee made a compre- 
hensive report at the Buffalo meeting on work which had been assigned to it, and wish 
to be relieved. The matter has been under advisement during the summer, and a report 
on it will be ready for the Executive Committee at Denver. (See item 3, under New 
Business, p. 2103, this issue.) 


13. Optimum Size of Classes. No report. 

14. Premedical Requirements in Chemistry. J. P. MontTGomEry, 
Chairman, presented by letter a progress report which was accepted. 

15. Teacher Exchange. The chairman presented by letter the fol- 
lowing report which was accepted. 


~ The Committee on Teacher Exchange was established in 1930 for the purpose of 
negotiating changes in positions between persons of equal rank who had served several 
years in one capacity. The objective is a worthy one and there is no doubt concerning 
the value of such an idea if a plan can be devised for bringing about such exchanges. 
Your committee has tried every resource at its command and has followed as faithfully 
as it knows how every feasible method of engineering exchanges between persons who 
hold similar positions. It has carefully avoided anything which may be construed as the 
function of a teachers’ agency, because we do not believe that the Division of Chemical 
Education should undertake any plan for the systematic location of teachers who are 
without positions or of chemists who are seeking teaching positions. 

After two years of faithful effort we have reached the conclusion that our efforts 
are of no avail. We have not succeeded in arranging a single exchange of positions. 
We are convinced that such exchanges are not possible for the reason that each party 
to the exchange insists that he must go to a better position than the one he is leaving. 
On account of the necessity of curtailing the activities and expenses of the Division we 
therefore wish to report that we have failed completely in bringing about exchanges, and 
we ask that the committee be discharged. 

F. B. Dans C. R. HoovER 
G. S. Guy J. P. MitrcHe.i 
B. S. Hopxins, Chairman 


Feeling that it would be inopportune to push the work of this committee 
at the present time, it was voted to discharge the committee. 

16. Teaching Load. The final report of this committee was dis- 
tributed in mimeographed form for discussion. 

The report was received with especial thanks to Dr. Mills and at its own 
request the committee was discharged. (See this issue, p. 2111.) 

17. Women’s Club Study Course in Chemistry. Harrison HALE, 
Chairman, reported that this committee had during the year just past, 
presented two club study programs in The Chemistry Leaflet and had carried 
on considerable correspondence. In view of conditions it has not seemed 
wise to press the work of the committee, but it is felt that the committee 
should continue to be on the alert for the best methods of reaching their 
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objectives under present conditions. The report was accepted and the 
committee continued. 


Meeting of the Division of Chemical Education 
4-5 p.M.—August 24 


ROBERT COLLIER, JR., presiding. 

1. The reports of the officers as given above were read and approved. 

2. The actions taken by the Executive Committee as reported were 
approved. 

3. The Resolutions Committee consisting of J. O. Frank, Lyman C. 
Newell and Harrison Hale, Chairman, presented the following report which 
was unanimously accepted by rising vote: 


1. Resolved that the Division of Chemical Education extend to Clifford F. L. 
Mohr, local assistant, its appreciation of his detailed services which have contributed so 
specifically to the successful operation of the sessions of the Denver meeting. 

2. Resolved that the Division of Chemical Education extend to Robert Collier, Jr., 
vice-chairman, its gratitude for his skilful work as presiding officer of the meetings 
and to both Mr. and Mrs. Collier for their generous contribution to the entertainment of 
the registered members of the Division through the excursion and hospitality on Thurs- 
day, August 25, 1932. 

3. That the Division send greetings and best wishes to Dr. Ross A. Baker, its 
efficient secretary, whose absence from the meeting was keenly felt. 

4. Resolved that the Division of Chemical Education express its thanks to the 
Continental Oil Company for the use of the auditorium in its building and for special 
facilities provided. 

5. At the Cincinnati meeting of the American Chemical Society in September, 1930, 
the Division of Chemical Education expressed a vigorous protest against the unjust 
and summary dismissal from the University of Mississippi of Dr. J. N. Swan, then 
chairman of this division. As an evidence of our confidence in Dr. Swan he was again 
elected chairman. Ours seems to have been one of the first of many organizations to 
protest against this and other removals under the régime of Governor Bilbo. 

In view of the recent reinstatement of Dr. Swan and others we wish to express our 
commendation and appreciation of the new spirit now evident in Mississippi and to con- 
gratulate Governor Connor and others in authority. The vindication and reinstate- 
ment of Dr. Swan means much to him and to us but much more to the State of Mis- 
sissippi. 

4, The Nominating Committee consisting of J. Sam Guy, Nem E. Gor- 
DON, and WILHELM SEGERBLOM, Chairman, reported upon a slate which was 
unanimously approved. Officers were declared elected as follows: LYMAN 
C. NEWELL, Chairman; Louis W. MatTTERN, Vice-Chairman; Ross A. 
BAKER, Secretary (pro tem.); VirGIn1IA Bartow, Treasurer. 

Ross A. BAKER, Secretary 


OWS) 








REPORT OF THE COMMITTEE ON MATHEMATICS FOR 
CHEMISTS 


Division of Chemical Education, American Chemical Society, Denver, 
Colorado, August 24, 1932 


Your committee has endeavored to emphasize ways in which the mathe- 
matical training of chemists can be improved. It considers improvement 
necessary because chemistry is rapidly becoming more mathematical and 
because adequate preparation becomes more vital when competition for 
positions is keener. Furthermore it hopes that early in his career the 
prospective student of chemistry will be told by his advisers of the im- 
portance of mathematics, and that the mathematical prerequisites will be 
definitely stated in the catalogs describing the courses. 


Requirements for Physical Chemistry 


The demand for calculus as a universal prerequisite for physical chemis- 
try has been gaining headway rapidly. In 1932 the student of chemistry, 
who does not understand the use of calculus, is denied admission to any 
first-class course in physical chemistry. In some cases it may still be 
necessary to admit students of the biological or agricultural sciences if they 
agree to study simultaneously the chemically essential parts of calculus. 

The standard courses in mathematics through analytical geometry and 
differential and integral calculus are sufficient for the first course in physical 
chemistry. The student of physical chemistry above all should understand 
fully the meaning and significance of calculus. He should have at im- 
mediate command a limited number of formulas (including the differentia- 
tion of x, x”, e“, a‘, log x, uv, u/v, and the integration of x, «~!, x”, é'; 
and the formulas for partial differentiation and for integration between 
limits) but he need not be ashamed to refer to his book and to a table of 
integrals for more complicated formulas. Too often the loss of confidence, 
resulting from a realization that many formulas have been forgotten, is a 
serious and unnecessary handicap. With this meager equipment the 
student of physical chemistry can get along, but his progress will depend 
largely on the adequacy of his mathematical training and insight. His 
success in the course will be greater, the greater the number of problems in 
mathematics which he has worked out. He must be thoroughly familiar 
with algebra and he must be able to make transpositions, solve quadratic 
equations, and handle formulas without hesitation. The successful student 
of physical chemistry will be quick to translate a phenomenon into mathe- 
matical language and he will see clearly and completely the physical sig- 
nificance of his formulas. When properly trained, the student will use his 
slide-rule efficiently for some problems and for others he will use extensive 
tables of logarithms with unfailing accuracy. He must acquire a sense of 
the order of accuracy required in different types of problems. 

2108 
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Suggestions for Teachers of Mathematics 


Certain parts of the standard courses in mathematics are of more im- 
portance to the chemist than other parts. Teachers of mathematics 
realize this fact and would like to know the particular requirements for 
students of chemistry. In fact this Committee was appointed as a direct 
result of a letter from Professor E. R. Hedrick, then president of the 
American Mathematical Society, stating that suggestions from teachers of 
chemistry would be welcomed. 

A few mathematical operations seem to give particular trouble in physical 
chemistry and it is hoped that more attention may be paid to them in the 
preparatory courses. Engineering students with their greater experience 
in mathematical problems have little trouble. Students can use their 
logarithm tables but they are sometimes troubled when the logarithm must 
be handled as a number in a formula, particularly when a negative charac- 
teristic is involved. Exponential equations sometimes offer difficulties, 
also. The idea of partial differentiation is particularly important in 
physical chemistry and thermodynamics and it is to be hoped that this 
subject will not be reserved for advanced courses nor placed at the end of a 
course but that it will receive adequate treatment in the standard courses 
in calculus. 

The chemist usually graphs his data but he would like to fit them with a 
mathematical formula. This committee feels that more attention should 
be paid to curve fitting in analytical geometry. Experience in exact 
graphical calculations and the finding of areas and tangents would be very 
welcome also. Chemists would find these things of more value than many 
theorems in trigonometry and analytical geometry. The compound 
interest law and the significance of e, the base of natural logarithms, are of 
special importance. 

It is realized that these special needs may not be suitable for engineers 
and others, who constitute the majority of the classes in mathematics. 
When possible, an excellent service could be rendered by putting chemistry 
students into separate sections in the mathematics courses and giving them 
slightly different material, preferably under an instructor in mathematics 
who has had some special training in science. 

Whether or not it is practical to put chemists into a separate section, 
it should be possible to include, along with the problems of interest to 
engineers and physicists, a few of special interest to chemists. The com- 
mittee has formulated a list of problems which may be taken as suggestive 
of the type which chemists would like to see sprinkled through textbooks 
on mathematics, as special preparation for chemists. 

The committee feels that the responsibility for any action along these 
lines rests with the chemistry faculties in the colleges and universities. 
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If they take the initiative in presenting their special needs to their depart- 
ment of mathematics, the latter will be glad to codperate. 


Requirements for Advanced Physical Chemistry 


For advanced courses in physical chemistry, and research in the newer 
fields of physical chemistry the mathematical training through calculus is 
insufficient. Sooner or later the advanced physical chemist will be blocked 
by inadequate preparation in mathematics but the distance to which he can 
go will depend largely on his mathematical ability. 

It may often be advantageous for a member of the chemistry or mathe- 
matics faculty to give a course on selected topics in advanced mathematics 
for those graduate students in physical chemistry who do not expect to do 
creative work in these fields. 


Requirements for Elementary Chemistry 


The student of elementary chemistry must have the ability to use 
accurately and quickly the fundamental processes of arithmetic and alge- 
bra. The concept of per cent. and the concept of ratio and proportion are 
particularly important. (The form a/b = c/d is used in preference to the 
form a:b::c:d.) Short cuts in arithmetic are helpful. Ability to read 
graphs, both straight lines and curves, is essential. 


Suggestions for the Journal of Chemical Education 


By far the most effective way to raise the standard of mathematical 
interest and achievement by students of chemistry is to raise the standard 
of mathematical knowledge of the teachers of chemistry. The students in 
physical chemistry are frequently better prepared in mathematics than the 
instructor, and the mathematical approach is sometimes avoided. 

To improve this situation and to create a healthy incentive to better 
comprehension of current chemical literature of a mathematical nature, 
the committee has a suggestion to make. It recommends that a new 
department be organized in the JOURNAL OF CHEMICAL EDUCATION which 
will publish each month a few problems, taken in part from recent chemical 
journals. The correct solutions fully worked out should then be published 
the following month. Some of these problems should involve calculus, 
others should involve operations beyond the calculus but many should be 
of a simpler nature in which calculus is not involved. The Committee 
believes that an intellectual interest in the solving of such problems would 
be quickly awakened and that it would be reflected in higher mathematical 
standards. 

GrorGE H. BRUCE CHARLES H. STONE 
WALTER T. SCHRENCK JOHN H. Yor 
FARRINGTON DANIELS, Chairman 
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REPORT OF THE COMMITTEE ON THE TEACHING LOAD FOR 
CHEMISTRY TEACHERS 


Division of Chemical Education, American Chemical Society, Denver, 
Colorado, August 24, 1932 


Introduction 


Chemistry teachers constitute only a small part of the faculty of edu- 
cational institutions. A proportionate part of the work of these institu- 
tions will fall upon the teachers of chemistry. If any unit of measurement 
of teaching load were universally recognized, this unit could be adopted and 
the teaching load determined in terms of such a unit. 

A part of the difficulty lies in the fact that there is no recognized unit of 
measurement of teaching load. The American Council on Education! 
suggested a maximum standard load for colleges, junior colleges, and nor- 
mal schools and teachers’ colleges in the following statement: 


Teaching schedules exceeding 16 hours per week per instructor, or 
classes (exclusive of lectures) of more than 30 students, should be in- 
terpreted as endangering educational efficiency. 


This statement seems to be generally accepted as sound. Nevertheless, 
at this time, the actual load in many institutions is determined largely by 
certain limiting factors and by a general desire to work together for the 
advancement of the aims of the institution. Certain work must be done 
and certain funds exist for carrying forward the work. The number of 
instructors, actual salaries, and teaching schedules are determined by a 
multiplicity of varying details, and the adjustments made depend largely 
on the personality and judgment of those concerned. 

It is neither possible nor desirable to substitute inflexible rules with 
regard to teaching load for the judgment and good sense of those locally 
concerned at any particular institution. 

But the basic standards are of value and should be equitable, and devia- 
tion from such standards should be made with a full knowledge of the 
facts concerned. 

With a desire to aid in reaching a more equitable distribution of teaching 
load, the committee would present the following facts and conclusions. 


The Teaching Load as a Measure of University Work Done 


The teaching load of itself may be a totally inadequate measure of the 
work done by an instructor for the institution. 

F. C. Ayer,? in a study of teaching load, computes four different types of 
work loads: 


1 “Accredited Higher Institutions, 1927-28,” U. S. Bureau of Education, Bulletin, 


1929, No. 7. 
2 Ayer, F. C., “How the Teaching Load Is Handled in State and Other Universi- 


ties,” The Nation’s Schools, 111 (June, 1929); IV (July, 1929). 
2111 
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(1) The teaching load, or the number of hours per week spent in 
scheduled classroom teaching; (2) the instructional load, or the total 
time spent on the teaching load, including all supplementary work 
directly related to teaching, such as preparation, grading papers and 
conferences with students; (3) the official work load, or the number 
of hours per week devoted to all official university duties, including 
teaching, committee work and administrative work; and (4) the total 
time load, or the number of hours per week devoted to duties in any 
way connected with the instructor’s position, including the official 
work load and also such items as personal research, professional 
writing and public welfare activities. 


Ayer found for the average weekly teaching load at the University of 
Texas 10.4 hours; for the average weekly instructional load 38 hours; 
for the official work load 43 hours; for the total time load about 50 hours. 

In a Survey of Education in West Virginia,* published by the State 
Department of Education, eleven state institutions for higher learning 
were studied. This report gives the ‘‘Median Number of Hours a Week of 
Actual Classroom Teaching’’ as 16 hours, and the median ‘‘Total Service 
Load” as 47 hours. 

A “Report of a Survey of the State Institutions of Higher Learning in 
Indiana’’* gives the ‘‘Median number of hours a week actual classroom 
teaching”’ for 1926-27 as follows: 


Indiana University (Bloomington) 13 
Purdue University 16 (1925-26) 
Indiana State Normal 19 
Ball Teachers College 19 


The same report states that at each of the four institutions the average 
total service load fell between 50 and 55 hours a week. 

From these reports on teaching load and total service load at 16 institu- 
tions, it will be noted that the average weekly teaching load varies from 
10.4 to 19 hours, while the total average service load varies from 47 to 55 
hours (Indiana University). 

It is not possible to obtain average teaching load or total service load 
from statistics usually published concerning universities and colleges, due 
to the fact that part-time instructors are often employed, and to the great 
diversity of the work undertaken. 

The United States Government Civil Service generally requires for 
professional and technical men 42 hours per week, and usually allows a 
Saturday half-day of four hours to count as a full day during the summer 
months and allows one month leave of absence during the year. 

3 “Survey of Education in West Virginia,’’ State Dept. of Education, Charleston, 
W. Va., Vol. IV, 1928, 123 pp. 

4 “Report of a Survey of the State Institutions of Higher Learning in Indiana,” 
Board of Public Printing, Indianapolis, Ind., 1926, 206 pp. 
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In many industries, the average weekly load is 44 hours. 

It seems quite certain that the total service load carried by members of 
the faculty of universities and colleges is at least sufficiently high. In fact 
the faculties of universities and colleges are generally made up of men who 
are following a carefully chosen line of work, and there is seldom cause for 
complaint with regard to the work done. Many men overwork willingly. 

The average teaching load in the institutions cited shows a much greater 
proportionate variation than does the total service load, and it is clear that 
the teaching load alone is a measure neither of the work done nor of the 
service rendered. Nevertheless, the teaching load is of necessity inti- 
mately connected with the cost of the education given on the one hand, 
and with the average salaries which can be paid on the other hand. This 
fact will be made clear below. 


Basic Factors That Determine Teaching Load 


The average teaching load for the entire faculty of any institution in 
terms of clock hours can be readily determined. It is given by the ex- 
pression: 


Average teaching load in clock hours = 
Number of students X Number of clock hours per student 
Number of instructors X Average number in class 





Many will be inclined to laugh at the idea of basing conclusions on a 
relation which involves the average number in classes when classes vary 
from one student to 200 or more. Unfortunately there is nothing wrong 
with the mathematics. The relation necessarily has to be extended as 
shown below: 


Total funds available for teaching staff 


. = Ave ] i 
Number of instructors verage salary paid 





Combining the two relations we find: 


Average salary paid = 


Total funds available x Average teaching load Average number 
for teaching staff in clock hours in class 


Number of students X Average number of clock hours per student 





The relation given is absolutely exact and applies equally to Harvard 
University and to Poorland College at Cross Roads. 

If other factors are left unchanged, decreasing the average teaching load at 
any institution will mean a proportionate decrease in the average salary 
paid to the instructing staff. The situation therefore needs careful study. 

If the number of students remains the same, and the funds of the institu- 
tion increase, the average teaching load can be decreased or the average 
salary paid can be increased (or, of course, the money can be devoted to 


buildings and equipment). 
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One great trouble with many institutions, during the last ten years, has 
been that funds available for teaching have not been increased in pro- 
portion to the number of students. To accommodate the increased num- 
ber of students, new buildings and equipment have been necessary, and 
there has resulted oftentimes an undue increase in the teaching load. In 
many institutions, student tuition fees are more or less nominal and 
appropriations have not increased with the growth of the student body. 

Education is expensive and must be paid for by some one. Regardless 
of how funds are provided, a certain educational return is expected. In 
any institution where the funds available for instruction do not increase 
with the student body, either the average salary must decrease or the 
teaching load must increase, or both. 

Where no definite relation exists between the size of the student body 
and the income of the institution, the institution may be said to be in an 
unsound condition financially. 


Number in Class 


Perhaps in many institutions the teaching load for the institutions could 
be most easily adjusted by coéperation in increasing the size of classes and 
sections to a higher average. Many institutions undertake to give special 
and graduate work to a few students, when the funds of the institution do not 
permit such work to be given without either an undue increase in teaching 
load or a low salary scale. If university authorities and faculties without 
ample funds realized fully the financial burden of small classes and the 
necessary consequences in low salaries and high teaching load, small 
classes would be increased to the limit of best efficiency, and few classes 
below an enrolment of 10 would be permitted. 

With larger classes, ample student assistance and clerical help should be 
provided. This is particularly true of laboratory classes. Good student 
assistants are obtainable at a minimum of cost because such assistants 
obtain a very valuable training. The correct use of assistants will enable 
an increase in the teaching load which it is possible for an individual to 
carry. Class and laboratory rooms should always be planned to ac- 
commodate the maximum number of students that can be efficiently 
handled at one time. This is particularly important in chemistry, where 
laboratory work so greatly increases the teaching load of an instructing 
staff. 

In the study already cited‘ of the State Institutions of Higher Learning 
in Indiana, figures are given which show that the average size of classes 
during 1925-26 at Indiana University was 25, and at Purdue, Indiana 
State Normal, and Ball Teachers College, the average class numbered 22. 

At Rutgers,’ in the Men’s College (1926), the average number of students 

5 “Survey of Rutgers University,” U.S. Bureau of Education, 1927, 258 pp. 
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in a class was about 21, and in the Women’s College about 22. It is 
important, however, to notice that at Rutgers in the Men’s College, 13% 
of all classes ranged from 1 to 5 students, and 26% of all classes contained 
10 students or less. In the Women’s College, 4% of the classes ranged 
from one to 5 students, and 20% of the classes contained 10 students or less. 

In 6 normal schools in West Virginia,* 6% of the classes had less than 
6 students, and 18% of the classes had less than 11 students. 30% of all 
classes contained 30 students or more. The following table shows the size 
of classes at West Virginia University: 


TABLE I 


Size of Classes at West Virginia University 


Percentage of Percentageof Percentage of 
Number of Classes with Classes with Classes with 


Students 5 or Fewer 10 or Fewer More Than 30 

in Median Students Students Students 

College or School Class Enrolled Enrolled Enrolled 
Arts and Sciences 18 18 32 12 

Agriculture: 

Home Economics Dept. 19 5 16 11 
All other Depts. 4 54 69 8 
Engineering 10 33 52 16 
Law 48 0 0 : 94 


Norte: The ratio of students to teachers for West Virginia is 11.5 to 1. 


It is desired to emphasize the fact that, while classes should not be 
increased in size beyond the limit of efficient teaching for any particular 
subject, nevertheless at many institutions much could be done to relieve 
the teaching load by the elimination of small classes. Certain courses 
might be offered only once in every two years or eliminated entirely, if not 
taken by a sufficient number of students to justify their continued existence. 

Hudelson,® in a study of ‘‘Class Size at the College Level,” gives the 
results of a careful comparative study of student progress in large and 
small classes. The terms “large” and ‘‘small” refer to the average size of a 
class in the subject taught. The results indicate that student progress in 
large classes is as great as student progress in small classes. The study 
would seem to suggest that the average size of college classes could be 
considerably increased. 


Number of Students 


When the funds available for teaching are in proportion to the number 
of students, the size of the student body has no influence on the teaching 
load nor on the average salary which can be paid, except in so far as the size 
of the student body may influence the average number in the classes 
taught. 


6 HupELSON, ‘‘Class Size at the College Level,’’ The University of Minnesota Press, 
1928, 299 pp. 
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Unless the funds of an institution increase in proportion to the enrol- 
ment, the number of students should be limited or the size of the classes 
increased. 

An institution with a small student enrolment must maintain a fairly 
standardized curriculum. 

As the size of the student body increases, special and advanced courses 
can be offered without additional cost to the individual student or to the 
faculty (in decreased pay and increased load), provided the average size of 
the classes is maintained, and provided the total funds increase in propor- 
tion to the number of students. When, for any reason, such diversity of 
curriculum results in a too small average class enrolment, somebody must 
pay. Perhaps the faculty usually pays for this mistake, and perhaps the 
faculty is usually at fault, since the faculty largely controls the interior 
policy of the institution. 


Number of Credit Hours and Clock Hours per Student 


The American Council on Education’ for all practical purposes defined a 
semester hour when it recommended that ‘‘a college should require for 
graduation the completion of a minimum quantitative requirement of 120 
semester hours of credit (or the equivalent in term hours, quarter hours, 
points, majors, or courses), with further scholastic qualitative requirements 
adapted by each institution to its condition.”’ 

Courses equivalent to 15 credit hours continuously carried by a student 
are therefore usually required as a minimum. Special students are, of 
course, admitted for special courses, and many students, due to elective or 
additional requirements, take more than the 15 credit hours. Perhaps 18 
credit hours more nearly represents the average student schedule. 

The ‘‘credit hour’ may be very different from the actual classroom or 
laboratory hour. Commonly, two hours laboratory is counted equal to 
one hour of classroom work in calculating student credits. Even in the 
same institution there is often wide variation, from one to four hours 
laboratory being required for one credit hour. It often happens that 
freshmen or sophomores are allowed more credit for certain courses than 
are allowed juniors or seniors for the same courses. Courses may also be 
required as ‘‘prerequisite,” and no credit is allowed for the course. Ina 
general way, 15 to 18 credit hours are supposed to represent reasonably 
hard work on the part of the student. 

In the excellent Survey of the State Institutions of Higher Learning in 
Indiana already cited,‘ it is shown that the typical registration of students 
for credit hours at Indiana University is 15 to 16 hours, at Purdue Uni- 
versity, 19 to 20 hours, and at the normal schools, 16 hours. 

7 “American Universities and Colleges,’’ The American Council on Education, 
1928. 
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To obtain student clock hours, the above figures have to be multiplied for 
Indiana University by 1.23; for Purdue by 1.45; for Indiana State Normal 
by 1.15; and for Ball Teachers College by 1.09. The actual average 
clock hours registered for by students for the four institutions are in round 
numbers as follows: 20-28-18-17. 

The wide variation shown in both credit hours per student, and in clock 
hours per student, shows that no simple ratio of students to instructors will 
afford any reliable index of the average teaching load carried by the faculty 
of an institution. 


Average Salary Paid 


Discussion of the salaries paid for university work would appear to be far 
removed from the primary object of this report. It must, however, be 
realized that the average salaries that can be paid at any institution depend 
primarily upon the teaching load. If the funds are limited and the student 
body increases, the average salaries paid will decrease or the teaching load 
will increase. 

It is well, therefore, in the first place to understand what an ‘‘average”’ 
salary means. The report of the Society for the Promotion of Engineering 
Education’ gives the percentage by rank of faculty members of seventy-five 
institutions as shown below. 

Also there is given below a similar report’ for the state colleges, universi- 
ties and professional schools of the seven North Central States (1923-24). 


Engineering Report North Central States 


Deans and professors 31.4% 27.2% 
Associate professors 11.7% 11.2% 
Assistant professors 21.3% 22.9% 
Instructors 35.6% 38.7% 


The average faculty is, apres, at the present time made up ap- 
proximately as follows: 


Deans and professors 30% 
Associate professors 12% 
Assistant professors 22% 
Instructors 36% 


There is a wide variation among individual institutions. 

In a faculty having the percentage rank in various grades mentioned 
above, an average salary of $3000.00 could be distributed to give the 
average salary in each grade shown below: 


8 “Study of Engineering Teaching Personnel.’’ A portion of the investigation of 
engineering education conducted under a grant by the Carnegie Corporation. 
9 Bulletin, 1925. No.12. U.S. Bureau of Education, Washington, D.C. 
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Deans and professors $4500.00 
Associate professors $3500.00 
Assistant professors $2500.00 
Instructors $1900.00 


The United States Civil-Service Commission assigns limiting salaries to 
each grade of service, but makes the additional provision that in any given 
department the average of the salaries paid to those holding the grade shall 
not exceed the average salary of the grade. If this rule were followed, in 
the above illustration, while individual associate professors might vary in 
salary from $3100.00 to $3900.00, the average salary of all associate 
professors would equal $3500.00. 

It is believed worth while to illustrate fully by an example the direct 
relation between salaries and teaching load (as determined by the clock 
hours per instructor, and the size of the class). 

Let us suppose that the university has 2000 students, and that these 
students register for an average of 21 clock hours, and that the university 
receives $200.00 per student as tuition fee, and that this amount can be 
paid to the faculty. Let us further suppose that the relative rank and 
salary scale of the faculty members are as given above, and that approxi- 
mately 10% of the total tuition fee must be paid for assistants and clerical 
help, and that the salary of the president must be included. Then the 
university faculty theoretically could choose either plan shown below: 


TABLE II 
Relation of Salary to Teaching Load 

Average clock hour per in- Average clock hour per in- 

structor 15 structor 12 
Average students in class 24 Average students in class 18 
Instructing staff required 117 Instructing staff required 194 
Average salary paid staff $ 3,000.00 Average salary paid staff $ 1,800.00 
Salary paid the president $ 8,000.00 Salary paid the president $ 8,000.00 
35 Deans and prof. at 58 Deans and prof. at 

$4500.00 $157,500.00 $2700.00 $156,600.00 
14 Associate prof. at 23 Associate prof. at 

$3500.00 $ 49,000.00 $2100.00 $ 48,300.00 
26 Assistant prof. at 43 Assistant prof. at 

$2500.00 $ 65,000.00 $1500.00 $ 64,500.00 
42 Instructors at $1900.00 $ 79,800.00 70 Instructors at $1150.00 $ 80,500.00 
81 Assistants and clerical 88 Assistants and clerical 

at $500.00 $ 40,500.00 at $475.00 $ 41,800.00 

Total $399,800.00 Total $399,700.00 


This Committee is not advocating any particular salary scale, or relative 
scale of faculty rank. Nor does the Committee even go so far as to advo- 
cate any fixed teaching load or size of class. The Committee is attempting 
to show how the salary scale is compelled to vary in any institution with the 
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average teaching load and average size of class. The Committee wishes 
to emphasize further that the facts concerning any particular institution 
should be obtained and studied by those concerned in order that the most 
suitable adjustment should be made. 


Average Teaching Load 


As indicated in Section 2, the teaching load is not an accurate measure 
of the total service load, nor is it an accurate measure of the official load 
carried by a given instructor. When combined with the size of the class, 
it does give a fairly accurate measure of the cost of teaching a given number 
of students. Normal schools, colleges, and universities should all render 
efficient instruction to their students as a part of the service rendered. 
With many institutions, this becomes the major part of the service ren- 
dered, and in such institutions, the teaching load will reflect fairly ac- 
curately the total service. 

On the other hand, universities and colleges and normal schools have a 
wider service to the community than is represented by the instruction 
given to the students actually on the campus. This wider service includes 
a more general dissemination of knowledge and the extension of the bounds 
of such knowledge. This wider service takes many forms: such as corre- 
spondence courses, publications, library service beyond university needs, 
lectures, radio talks, extension work, and research. 

The real problem at many institutions is not the equitable distribution of 
the teaching load, but lies rather in the equitable distribution of total load. 

In any given institution it is easily possible to ascertain the number of 
students and the number of credit hours, clock hours, and laboratory hours, 
for which these students have registered. The number of instructors on a 
full-time basis of employment can be calculated, and full information 
obtained as to the size of the classes. 

With this information it becomes easily possible to calculate the average 
teaching load in terms of clock hours, student credit hours and student 
clock hours, or weighted student clock hours, if preferred. Then adjust- 
ments can be made from the average, making allowance for the varying 
character of the work, and for work performed that is not a part of the 
teaching load. 

If the average teaching load for the institution, or for any of its depart- 
ments, is too heavy, then this load can be decreased, (a) by increasing the 
number of instructors, (b) by such a rearrangement in the size and the 
number of the classes as will lessen the load sufficiently, (c) by providing the 
instructing staff with more assistants, thus enabling a larger teaching load 
to be carried. Always it should be remembered that it is the total load 
which should be adjusted, and that the teaching load is often only a very 
imperfect measure of this total load. 
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The student credit hours or clock hours taught by an instructor, or by a 
department, is often a measure of the organization of the work or of the 
department rather than of the actual work accomplished. 

Also it certainly does not follow from anything that has been said that 
the same ratio between credit hours and clock hours that applies to a 
student should be followed in adjusting the teaching load. It may be 
relatively easy to teach a course in mathematics most difficult for the 
students, and difficult to teach a course in English composition or supervise 
a laboratory course in physical chemistry, which the students find easy. 

The report by Ayer? gives much interesting information on the subject 
of teaching load, and states: 














There is considerable variation in the methods university ad- 
ministrators now use in stipulating and assigning the work loads of in- 
dividual faculty members. It is recognized that the known time de- 
voted to classroom instruction is the dominant factor in the adminis- 
tration of work loads, but it is equally apparent that there is a mar- 
ginal load of official non-teaching activities, which varies in no little 
degree with different faculty members and for which some special 
administrative adjustment is required. Such adjustment necessitates 
some form of personnel management 












Laboratory Work 





Some of the accrediting associations have so worded their interpretation 
of the suggested maximum standard load for colleges, junior colleges, and 
normal schools and teachers’ colleges, quoted on the first page of this 
report, as to lead” to a general custom in certain parts of the country of 
considering two (or in some cases more) hours of laboratory instruction 
the equivalent of one hour of lecture. 

A brief summary is given below of the standards of various accrediting 
associations!!! with regard to the relative weight to be assigned to labora- 
tory and lecture periods. 













Laboratory Hours : Lecture or Recitation Hours 










Association of Am. Universities Follows Am. Council on Education 
2. New England Assoc. of Colleges and Adjustment of all teaching hours made 
Secondary Schools after careful study 
3. Assoc. of Colleges and Prep. Schools of Policy not defined; in practice permits 
the Middle States and Maryland 2 tol 
4. Northwest Assoc. of Secondary and Policy not defined; in practice permits 
Higher Schools 2 tol 


10 “Chemical Progress in the South,’’ Chapter IV. Compiled and edited by Di- 
vision of Chemistry and Chemical Technology, J. E. Mills, chairman. National Re- 
search Council, Washington, D.C. Cf. J. Cuem. Epuc., 7, 2268-72 (Oct., 1939). 

11M .A.C., “ ‘Standards’ and the Teaching Load in Sciénces,” Science, 68, 339-42 
(Oct. 12, 1928). 
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Laboratory Hours : Lecture or Recitation Hours 


5. North Central Assoc. of Colleges and Adjustment of all teaching hours made 


Secondary Schools after careful study 
6. Assoc. of Colleges and Secondary 

Schools of the Southern States 2 tol 
7. Am. Assoc. of Teachers’ Colleges 11/2 to 1 
8. Catholic Education Assoc. 1'/, to 1 


The above summary of existing relations shows that they do not lead toa 
uniformity of the teaching load as regards teachers in the departments of 
chemistry in different sections of the country. In certain sections of the 
country, the existing regulations very often lead to a heavy overloading of 
the teaching schedules of those teachers who handle laboratory work. 
Moreover it is clear that in some sections of the country the teacher han- 
dling laboratory work is compelled to assume a far heavier schedule of 
instruction than is considered permissible for other teachers in the same 
institution. 

In the larger institutions, the more elementary classes in chemistry are 
very large. For lecture periods these classes are brought together as a 
whole or are divided into fairly large sections. For laboratory work the 
classes are in general subdivided to a much greater extent. A large part 
of the work required of many instructors consists, therefore, in handling 
these laboratory sections. 

The result is that many teachers in the chemistry departments carry from 
20 to 25 clock hours of classroom and laboratory work per week. Some 
few teachers carry 30 hours, and 14 institutions in the South” out of 88 
reported that in some cases in their institutions, more than two hours of 
laboratory work were counted the equivalent of one hour of teaching. 

A. L. Johnson? has summarized the results obtained by a questionnaire 

as to the teaching load of college chemistry instructors. While 287 colleges 
and universities replied to this questionnaire, the reports did not include 
all of the chemistry teachers in these institutions. Johnson found that the 
colleges replying could be grouped as follows with regard to the ratio of 
laboratory clock hours to lecture clock hours used in computing teaching 
load: 
Laboratory clock hours equivalent to one lecture hour i, 1 F/e. 2 Oe 8 
Per cent. of institutions 0.4 9 6 59 6 20 
Twenty per cent. of the instructors included in the replies had a teaching 
load in excess of 16 weighted (as above) hours per week. A large per- 
centage of instructors had no laboratory assistant. 

Laboratory courses in chemistry require: 


12 JoHNSON, A. L., ‘““‘The Teaching Load of College Chemistry Instructors,” J. 
Cueo. Epuc., 8, 115 (1931). 
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(a) the ordering, maintaining, distributing, and accounting for supplies; 

(6) the planning, installing, and maintaining of equipment; 

(c) duties incident to laboratory hazards; 

(d) constant attention and aid to the student while the work is in 
progress; 

(e) attention to notebooks, and often to problems; 

(f) some lecture and examination work. 


The student does not receive equal credit toward graduation units in 
college work for laboratory and classroom work, and should not. Usually 
no preparation on the part of the student for laboratory work is required. 
In general, as regards the student, it is quite reasonable to consider that 
two hours of laboratory work is the equivalent of one hour of lecture work. 
When the student is specializing in chemistry, this ratio can sometimes be 
increased. 

In actual practice, the present effect of the statement concerning the 
number of classroom hours for teachers that ‘‘in general, two laboratory 
hours will be counted as equivalent to one recitation hour’’ is often to 
throw on the teachers of chemistry much more than their comparative 
share of instruction in the institution without securing the slightest recog- 
nition for this increased work. In many places it makes effective research 
work on the part of the instructor an impossibility. 

The Division of Chemical Education of the American Chemical Society" 
has twice gone on record as in favor of counting one clock hour of laboratory 
work the equivalent of one clock hour of lecture or recitation work as a 
basis for-computing teaching load. 

The American Association of the Colleges of Pharmacy has recently 
adopted a resolution’ to the effect that “‘One hour of recitation, lecture, 
or laboratory work shall be of equal value in the determining of the teaching 
load of an instructor.”’ 


The Teaching Load for Chemistry Teachers 


In any institution, the teachers of chemistry should bear their share both 
of the teaching load and of the total load that must be carried by the 
faculty of the institution. 

Assuming that the chemistry teacher is quite willing to bear his pro- 
portionate share of the teaching load and total load that must be carried by 
the faculty to which he belongs, it is equally fair to assume that he should 
not be called upon to carry more than his fair share of the load. 

The following information taken from reports already cited is inter- 
esting: 


13 J. Cue. Epuc., 7, 1351 (June, 1930); 8, 2444 (Oct., 1931). 
14 Proceedings, Am. Assoc. of Colleges of Pharmacy, 1931, p. 54. 
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2S; TABLE III 
Comparative Teaching Load of Chemistry Teachers 


Teaching Load per Instructor 


Average Student _ = Weighted* 
in Credit Clock Student 
Hours Hours Hours 
West Virginia Univ., College of Artsand Sciences (1927-28) 269 311 253 
West Virginia Univ., Dept. of Chem. 294 490 360 
Purdue Univ. (1925-26) 238 344 273 
; Purdue Univ., Dept. of Chem. 309 503 373 
¥ Indiana Univ. (1925-26) 267 333 289 
ly Indiana Univ., Dept. of Chem. 389 585 455 
1. * One and one-half hours of laboratory work are considered as equivalent to one 


ut hour of lecture or recitation. 


These data seem to indicate that the department of chemistry at each 


re . . : ° ° ° a Z 

of three institutions cited is carrying much more than its relative share of the 
. teaching load of the institution. 
y The National Survey of the Education of Teachers of the Office of 
: Education obtained and compiled the data shown in Table IV, and has 
: very kindly given permission for its use in this report: 
e TABLE IV 
1 Distribution of Teaching Load (Clock) Hours per Week during School Year (1931-32) 

of Staff Members of Different Types of Colleges 
Number Clock Hours of Teaching Load 35 and 

3 of Cases 1-9 10-14 15 16 17-19 20-24 25-29 30-34 More 

CHEMISTRY: 


Heads of Dept. in 
State Univ. or Land-Grant 





Coll. 36 7. 12 2 1 5 6 3 0 0 
State Teachers’ Coll. 34 0 2 2 4 10 12 3 0 1 
Private Non-Denom. Coll. 26 1 6 2 3 7 4 1 1 1 
Denominational Coll. 75 3 8 9 8 12 2 9 4 2 

Total ld tf @ 16 6 a& @ 6 5 4 
Puysics 


Heads of Dept. in 
State Univ. or Land-Grant 








Coll. 22 3 8 3 2 3 3 0 0 0 
Denom. Univ. or Coll. 36 2 8 2 3 8 10 2 1 0 
Private Non-Denom. Coll. 18 1 4 4 1 5 2 1 0 0 

Total 76 6 20 9 6 16 26 3 1 0 
CHEMISTRY: 
Teaching Staff in 
State Univ. or Land-Grant 

Coll. 222 11 «32 9 9 388 7 2 13 y 
State Teachers’ Coll. 105 0 7 8 9 19 4 14 3 2 
Municipal Univ. 17 1 6 0 6 3 0 1 0 0 
Denom. Univ. or Coll. 145 5 18 9 6 28 48 22 8 1 
Private Non-Denom. Coll. 92 9 16 8 5 20 31 3 0 0 

Total 24 
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TABLE IV—(Concluded) 


Number Clock Hours of Teaching Load 


L 35 and 
ofCases 1-9 10-14 15 16 17-19 20-24 25-29 30-34 More 


PuysIcs: 

Teaching Staff in 

State Univ. or Land-Grant 
Coll. 

State Teachers’ Coll. 

Municipal Univ. 

Denom. Univ. or Coll. 

Private Non-Denom. Coll. 


Total 





MATHEMATICS: 

Teaching Staff in 

State Univ. or Land-Grant 
Coll. 

State Teachers’ Coll. 

Municipal Coll. 

Denom. Univ. or Coll. 

Private Non-Denom. Coll. 


Total 





ENGLISH: 
Teaching Staff in 
State Univ. or Land-Grant 

Coll. 44 244 88 18 3 
State Teachers’ Coll. 11 “154 57 ~=630 7 
Municipal Coll. or Univ. ee | 4 4 0 0 0 
Denom. Univ. or Coll. Sac “39... 154 88 a2. 28 4 
Private Non-Denom. Coll. A) 0S. OB0ets 92s. Fa ODE 2 

Total 5 115 681 344 174 112 70 16 





From the data shown in Table IV, the percentage of the teaching staff 
(exclusive of the heads of departments) carrying the teaching load in clock 
hours shown below has been computed: 


Teaching Load in Clock Hours 
16 Hoursand Under 17-19 20-24 25 and Above 
Chemistry 29.9% 18.6% 33.9% 17.6% 
Physics 41.1% 23.9% 27.9% 7.1% 
Mathematics 72.0% 21.9% 4.5% 1.6% 
English 86.2% 7.3% 4.6% 1.9% 


Comment would seem to be wholly unnecessary. The teachers of 
chemistry are carrying more than their fair share of the teaching load. 
A more equitable adjustment of the teaching load should be made. 

There are two reasons, which probably account in large part for the 
relative overloading of teachers of chemistry. 

1. During the last ten years, chemistry has become a popular study, 
and the size of the classes and the number of sections have greatly in- 
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creased. Also it has been necessary to give additional courses desired by 
students who wish to use chemistry professionally. 

The remedy for this situation lies in securing an equitable adjustment of 
teacher load at the particular institution concerned. 

2. As shown in the section on laboratory work, some accrediting 
associations and many institutions have adopted the general rule that two 
hours of laboratory work shall be accounted the equivalent of one hour of 
lecture or recitation work. As pointed out, this rule works hardship in 
many cases. Laboratory classes per clock hour often require as much time 
on the part of the instructor as is required by lecture periods. The time 
consumed in conducting a laboratory course also varies greatly with the 
size of the class. 

The proper weighting for laboratory work is variable, and should be 
determined with full knowledge of the conditions. The same statement is 
true concerning lecture work. In preliminary calculations of teaching load 
to be later more accurately adjusted, one clock hour of laboratory work 
should be assumed equal to one clock hour of lecture or recitation. Suit- 
able adjustments from this clock hour standard should then be made in 
every institution for all subjects taught. Such adjustment should not be 
limited to laboratory work alone. 


Conclusions 


1. In any institution, the teachers of chemistry should bear their share 
both of the teaching load and of the total load that must be carried by the 
faculty of the institution. 

2. The teaching load will vary from institution to institution depending 
on the character of the work done. The teaching load and the total load 
at any institution should be equitably adjusted by those concerned after a 
careful study of the various factors concerned. 

3. The average salary which can be paid at any given institution = 


Total funds available x Average teaching load x Average number 
for teaching staff in clock hours in class 


Number of students X Average number of clock hours per student 





4. If other factors are left unchanged, decreasing the average teaching 
load at any institution will mean a proportionate decrease in the average 
salary paid to the instructing staff. 

5. It is important to keep the average number in the classes taught as 
nearly as possible equal to the maximum number which can be efficiently 
taught. Classrooms and laboratories should be planned with this end 
in view. 

6. Very small classes should be eliminated unless funds are available 
for the increased cost entailed by small classes. It is not generally desira- 
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ble to decrease salaries and overload the instructor for the benefit of a 
very few students. 

7. When the funds available for teaching are in proportion to the 
number of students, the size of the student body has no influence on the 
teaching load nor on the average salary which can be paid, except in so far 
as the size of the student body may influence the average number in the 
classes taught. 

8. In colleges and universities there can be no sufficient excuse for 
failure to provide adequate laboratory assistants, since the use of assistants 
enables the teaching load to be increased without a corresponding increase 
in the total load. 

9. The time consumed in preparing for and teaching a laboratory 
course depends on the assistants provided, on the size of the class, on 
whether or not the same work is repeated with another section in the same 
laboratory, and on many other factors. It is not possible, therefore, to 
adopt a fixed ratio between laboratory work and lecture or recitation hours 
in determining the teaching load. In general computation of teaching 
load, to be afterward more accurately adjusted, it is recommended that 
one clock hour of laboratory work be considered equal to one clock hour of 
lecture or recitation. The statement of the American Council on Educa- 
tion should be accepted as a basis for computing teaching load. ‘‘Teaching 
schedules exceeding 16 hours per week per instructor, or classes (exclusive 
of lectures) of more than 30 students, should be interpreted as endangering 
educational efficiency.’’ Adjustment of the teaching load to allow for 
other duties should be made. 

10. There is considerable evidence tending to show that teachers of 
chemistry in many institutions are carrying more than their share of the 
teaching load. 


Recommendation 


It is recommended that the Division of Chemical Education of the 
American Chemical Society make every possible effort to have the ac- 
crediting agencies of the country adopt a uniform statement reading 
as follows: 


In general computation of teaching load, to be afterwards more 
accurately adjusted, one clock hour of laboratory work shall be con- 
sidered equal to one clock hour of lecture or recitation. 

EDWARD BARTOW 

O. E. MADISON 

H. A. WHITNEY 

J. E. Mitts, Chairman 
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Correspondence 





THE DISCOVERY OF THE ELEMENTS. III. A CORRECTION 


To the Editor 
DEAR SIR: 

In Part III of the series of articles on the above subject [J. Cue. 
Epuc., 9, 23 (Jan., 1932)], I have stated that in the eighteenth and nine- 
teenth centuries Sweden far outstripped all other countries in the discovery 
of new elements. In the light of further study it is now apparent to me 
that this is too broad a statement. Sweden undoubtedly led in this field 
of research during the eighteenth century, and Swedish chemists continued 
to make numerous brilliant discoveries of elements throughout the entire 
nineteenth century. In the meantime, however, British chemists, including 
Wollaston, Tennant, Davy, and Ramsay, were discovering elements not 
singly but in groups, while French and German efforts were also being 
crowned with success. Because of varying criteria as to what constitutes 
the discovery of an element, and because of the many cases of independent 
discovery, it is not possible to assign a definite number of chemical ele- 
ments to the credit of each country. 

I wish to thank the JouRNAL OF CHEMICAL EpucaTION for this oppor- 
tunity to correct a statement which would otherwise be open to criticism. 


Tue UNIVERSITY OF KANSAS Sincerely yours, 
LAWRENCE, KANSAS Mary ELvirA WEEKS 


CX, 


CHEMICAL HAZARDS IN FIRE-FIGHTING 


To the Editor 
DEaR Sir: 

The September, 1932, issue of the JOURNAL OF CHEMICAL EDUCATION (pp. 
1523-9) contains an article on the ‘Hazards in Fire-Fighting,” in which 
the author includes many references to the compressed gases, some of which 
are apt to leave the reader with false impressions of the integrity of com- 
mercial gas containers and their action when involved in a fire. 

The statement is not justified by experience that ‘‘of all the chemical 
hazards involved in fires, perhaps those presented by the gases are as a 
class the most difficult to handle.”’ It is an exceptional case if a cylinder of 
compressed gas involved in a fire explodes and there are few references on 
record of this having happened. On the other hand numerous instances 
are known where cylinders involved in fires have released their contents 
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gradually through the functioning of their safety devices, preventing the 
development of pressures that might have caused cylinder failure. 

Neither is the statement justified that ‘‘increase in pressure because of 
increasing temperature may be so much more rapid than the decrease in 
pressure brought about by the small relief hole, that the cylinder will blow 
up.’’ The safety devices in compressed gas cylinders are not make-shift 
arrangements but are carefully designed and tested instruments that must 
comply with the regulation of the Interstate Commerce Commission re- 
quiring gas cylinders to be “...equipped with one or more safety devices 
approved as to type and location by the Bureau of Explosives and found to 
prevent explosion of the normally charged cylinder when it is placed in a 
fire.” The gas manufacturer has to prove the adequacy of the number and 
type of device used on his equipment, by actual fire tests, to the Bureau of 
Explosives from whom approval must be obtained before the device or 
devices may be used. 

When the safety device functions on a cylinder, involved in a fire, con- 
taining a flammable gas, or a gas that is a supporter of combustion, the 
ignition of the gas by the existing fire only contributes to the hazard of the 
fire by adding intensity to the blaze until the gas is consumed. Such gases 
as argon, helium, nitrogen, and carbon dioxide are inert, non-flammable 
gases and assist in retarding the progress of a fire. 

Carbon dioxide, erroneously referred to as poisonous, is not poisonous in 
any concentration. It is a harmless gas when breathed in small quantities 
but, like the other inert gases mentioned, it is suffocating in high concen- 
trations in the sense that it excludes from the lungs oxygen necessary to 
support life. 

Most of the gases referred to by the author as being noxious, and there- 
fore adding additional hazard if involved in fire, are flammable and are 
rendered innocuous in burning. 

Chlorine is mentioned as a poisonous gas but the industry takes issue 
with this statement. Chlorine is not poisonous in the sense that toxic 
gases are considered poisonous. It is an irritating gas and has a harmful 
effect upon the lungs and other respiratory tissues. It is not absorbed into 
the blood as are the toxic gases. Continuous exposure may be fatal only 
because of the contraction of the respiratory tract. 

Neither is methyl chloride considered a poison or toxic gas. It is better 
classified as an anesthetic gas whose flammability places it with the gases 
rendered innocuous by burning. 

Carbon monoxide is not a commercial compressed gas and there is no 
provision in the Interstate Commerce Commission Regulations for its 
storage and transportation. It might be encountered in chemical labora- 
tories where it is prepared for immediate use but it is not prepared or 
shipped commercially. 
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The compressed gas industry owns some five million or more pressure 
containers used for the storage and transportation of their products. 
These containers are equipped with safety devices designed to prevent the 
hazard of failure under any condition that would raise the temperature or 
pressure of the content to a predetermined maximum. 

The adequacy of these safety devices to prevent failure of the containers 
under abnormal conditions is passed upon by the Bureau of Explosives, an 
independent agency representing the Federal Commission having regula- 
tory power. The adequacy of these devices is further attested to by the 
accident record of the industry as reported by the Bureau of Explosives in 
their 1931 annual report. This report shows only $65.00 worth of property 
damage was incurred on all the railroads within the United States and 
Canada. No one was injured. While this is not a specific reference to 
accidents caused by fires, it does illustrate the point that with millions of 
these cylinders in circulation, safety devices have prevented cylinder 
failures in transportation and confined the damage from gases to a few 
minor leakages. 

Very truly yours, 
F. R. FETHERSTON, Secretary 


COMPRESSED GAS MANUFACTURERS’ ASSOCIATION 
110 West 40TH St., NEw YorxK CIty 


Gx, 
To the Editor 
DEAR SIR: 

The statement by Mr. Fetherston that the safety devices in gas cylinders 
are not makeshift arrangements, of course, is true. Under any normal con- 
ditions of storage or transportation even the most poisonous and explosive 
gases are being handled safely. There are, no doubt, many fires in which 
cylinders of gas do not explode because of rapid expansion of the gas. I 
have no data as to the number of cases in which explosions have occurred, 
knowing personally of only two specific instances. 

If the cylinder of gas is in a fire of sufficient intensity of heat that it is 
rapidly heated the pressure developed would be enormous in spite of the 
lowering of pressure from escape through the relief hole and might become 
sufficient to cause rupture of the cylinders. Even if this occurrence is 
rare it is still a hazard which should be considered in fire-fighting. 

When a flammable gas is released from a cylinder in a fire it may burn 
quietly or because of temporary deficiency of oxygen or lack of immediate 
contact with the flame it may collect in considerable quantities and when 
ignited do so with explosive violence. This means, then, that cylinders con- 
taining explosive gases may add considerably to the hazards of fire-fighting. 
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The statement that carbon dioxide is not poisonous in any concentration 
is not, in the light of recent experiments, true. Brown [U.S. Naval Medi- 
cal Bulletin, 28, 721-34 (Oct., 1930)] subjected men to air containing 
amounts of carbon dioxide ranging from 6 to 12.4 per cent. for periods vary- 
ing in case of 6 per cent. of 22 minutes to, in case of the 12.4 per cent., of 2 
minutes. This resulted in such symptoms as panting and dyspnea, dizzi- 
ness, drowiness tending to stupor, sense of impending collapse, and choking 
sensation. Dr. Brown states, ‘‘It is not believed that any of the subjects 
could have withstood 10 per cent. carbon dioxide for longer than 10 min- 
utes without losing consciousness.’’ In these experiments the oxygen con- 
tent of the air was kept normal or considerably above normal so that the 
symptoms were not caused by the exclusion of oxygen from the lungs. 
Now it is true that the subjects recovered rapidly without serious after- 
effects, but there are no data available to show what the effect of longer 
exposure might have been. The effect of carbon dioxide released in a fire 
on the fireman might be very serious even though the same amounts on a 
person not fighting the fire might be only a temporary inconvenience. 
The fireman is working at hard work under conditions where even tempo- 
rary dizziness might cause serious injury from the fire itself. Collapse of 
firemen in a burning building would of course be serious. 

While it is probably true that chlorine is much different in its action 
than the toxic gases which are absorbed into the blood the fact remains that 
exposure to any considerable concentration of it is dangerous. Henderson 
and Haggard (‘‘Noxious Gases,’’ Chemical Catalog Co., 1927, p. 132) state 
that 40 to 60 parts per million is dangerous for even a short exposure and 
1000 parts per million is rapidly fatal for short exposure. 

The toxicity of methyl chloride has been a matter for some considerable 
discussion. Henderson and Haggard (p. 159) state that methyl chloride is 
somewhat less toxic than chloroform. They state that when employed as a 
refrigerant in dwelling houses that ‘‘leaks may have fatal consequences.”’ 

The reference to carbon monoxide perhaps gives the misleading idea that 
it is furnished in cylinders which is not true. It was intended to refer to 
carbon monoxide in a general way. 

It was not my purpose in this article or in any statements which I may 
have made relative to compressed gases to leave the impression that com- 
pressed gases are dangerous under normal conditions. I have attempted to 
point out possible hazards which may be present under fire conditions and 
which probably never will be entirely eliminated. It is far better to recog- 
nize the possibilities of such dangers and to guard against them than to 
allow even a few serious injuries or deaths to occur to firemen. 

Very truly yours, 


IowA ENGINEERING EXPERIMENT STATION L. K. ARNOLD 
IowA STATE COLLEGE, AMES, IOWA 
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APPARATUS, DEMONSTRATIONS, AND LABORATORY PRACTICE 


Apparatus for the determination of carbon dioxide. A. Hanax. Chem.-Ztg., 56, 
672 (Aug. 24, 1932).—Ordinary pieces of apparatus employed for determining carbon 
dioxide quantitatively are very fragile and can be cleaned only with difficulty. The 


apparatus shown in the figure does away with these difficulties. 

The apparatus has no stopcock whatsoever but is provided 
with a ground-glass joint instead which takes the place of a 
stopcock by turning part I within part II. These two vessels 
are connected by two ground-glass joints. The lower one in 
vessel II is provided with a small side tube so that by proper ro- 
tation an adjustment can be made which by opening the thin 
tube of I opens vessel II to vessel III. 

Vessel I contains concentrated sulfuric acid for the removal 
of moisture from the gas. A weighed sample of the substance 
to be analyzed is introduced into the tared vessel III which is 
connected to II and then combined with I in such a way that a 
and 6 point in opposite directions... As both tubes are open there 
is no compression of air in II and III which are also open to each 
other. On turning I 180° against II the tubes a and b point in 
the same direction thus closing II and III against each other. 
Dilute acid is introduced into II, 6 is closed and then a. The 
apparatus is wiped and weighed. a and d are opened by again 
turning I 180° against II whereafter the acid flows into the de- 
composition vessel. The analysis is now completed as with the 
Geissler apparatus. When sufficient quantity of acid has flowed 
off, b is closed, and the contact between II and III is broken. 
When the evolution of gas has stopped, b is opened and connected 








with rubber tubing to a wash bottle containing sulfuric acid and provided with suction. 
The tube a is connected to an aspirator and II and III are opened to each other. The 
flask is heated in the usual manner while the flow of air is regulated so that two bubbles 
pass through the acid per second. After heating for a few minutes the flame is removed 





FIGURE 1 FIGURE 2 





FIGURE 3 FIGURE 4 
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and the apparatus is allowed to cool 
with continued suction of the pre- 
viously dried air. The rubber tub- 
ing is removed, the apparatus is 
wiped with a dry cloth and weighed 
after closing a and b. L. S. 

Automatic suction and dropping 
device. E. LOWENSTEIN. Chem.- 
Zig., 69, 683-4 (Aug. 27, 1932).— 
When a definite quantity of liquid is 
to be removed from a vessel in the 
ordinary way by means of a pipet 
dangerous fumes or liquids some- 
times reach the mouth and cause in- 
jury to the experimenter. Further- 
more, if the liquid is heavy it is 
difficult to adjust the height of the 
liquid column in the pipet to the 
correct mark. In addition it is not 
simple to empty the pipet drop by 
drop if this should be necessary. 
All these difficulties can be overcome 
by the construction shown in Figures 
1 to 4. 

Asis evident from these figures 
the rubber tubing VI is forced 
through two rubber casters I and II 
whereby the volume in the pipet 
and the tubing is increased while the 
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pressure is diminished. This action produces suction. On turning wheel III in the 
opposite direction the air space is decreased and the liquid can thereby be removed with 
varying velocity—either drop by drop or as a steady flow—from the pipet. Caster I is 
provided with a rim and can be rotated by means of the hand-wheel III which is at- 
tached to the frame IV while caster II is free movable eccentrically on an axis. The dis- 
tance between the two casters can be varied and fixed by means of the lever VII. The 
apparatus can be worked very nicely with one hand. This leaves the other hand free 
to direct the flow to any desired direction. L..§: 
Automatic control for vacuum apparatus. C. I. Swayze. Science, 76, 196-7 
(Aug. 26, 1932).—A simple and efficient automatic control for vacuum ovens operated 
with electric pumps may be made at small cost. A !/2-inch glass tube may be used as a 
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AUTOMATIC CONTROL FOR VACUUM APPARATUS 
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p, board 7/3” X 10” X 38”; 0, shelf on p7/3” X 11/2” X 10”; b, S-shaped glass tube; 
large arm, 1” bore 12” long, middle !/;” bore 36” long, short arm !/3;” bore 3” long; ¢, 
glass float °/,” diam. (outside) 31/2” long; f, stem of float '/,” diam. (outside) 24” long; 
e, clips to fasten b to board; h, !/,” screw eyes 12” apart; g, one-hole rubber stoppers on 
f; a, mercury trip switch and cradle in which it rocks; x, screw fulcrum on which “‘a” 
rocks; d, mercury in glass tube; 7, hose connections to glass tube, oven and moisture 
collecting jar; 7, moisture collecting jar; k, calcium chloride jars; /, oil jars containing a 
little oil same as in pump; m, check valve (not needed if pump has one); 7, electric pump 
and connections. Screw eyes ‘‘h’’ are to guide float and stem to prevent friction between 
float and tube; a few pointed papillae on the float will also prevent friction and avoid the 
use of the lower screw eye. 























switch. Enough mercury, with nitrogen gas inserted to prevent oxidation, is placed in 
the tube barely to make contact. The ends are sealed and platinum wires fused about 
1/, inch apart near one end. The cradle is made of sheet copper. Proper adjustment 
as to weight and balance will make it automatic. G. H. W. 

A glass stopper puller. F.R. Pratt. Sch. Sci. & Math., 32, 314-6 (Mar., 1932).— 
Accompanying ample description and explanation there are two views, front and side, 
of an easily constructed device for removing stoppers from bottles apparently cemented 
for all time. Briefly, there is an outside shell of brass tubing 4 inches long and 1!/, 
inch in diameter. Two handles project out beyond the shell. The upper handle is 
attached to a screw and the lower one to a nut, and slides up and down in a slot in the 
outer shell when the screw is turned. The lower handle serves for several purposes: 
(1) it prevents the nut from turning in the shell; (2) it serves as a handle to prevent the 
entire puller from turning when torque is applied to the upper handle; (3) it serves as an 
axle for connecting the links to the nut. The lower ends of the links are riveted to 
jaws which are free to turn on rivets. The extractor has not failed yet. J-H.:G. 
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An adjustable apparatus stand and — —— 
truck. R. W. SHaw. Science, 76, 258-9 
(Sept. 16, 1932).—An ordinary laboratory ' pee 


stand (A) was mounted on a very low truck 
and an ordinary automobile jack (C) was 
used to raise or lower the adjustable part of 
thestand. This piece of apparatus is excellent 
for photographic purposes. G. H. W. 
Experiments with gas for the home labo- 
ratory. R.B.WarLes. Pop. Sct. Mo., 121, 
54 (Oct., 1932).—In this instalment the 
author treats the subjects of diffusion of both : 
gases and liquids, crystallization, the ki- =O> 
netic molecular theory, electrolysis, and solu- 
tions. A series of experiments using simple apparatus to illustrate each phenomenon 
is given with directions. Thus, hydrogen gas is made to diffuse through rubber or tile 
and force water upward ina glasstube. The effect of diffusion in liquids is shown by the 
difference in the rate of solution of crystels when placed at the bottom or at the sur- 
face of a liquid. The kinetic molecular theory is offered to explain these phenomena. 
A solution of calcium chloride may be evaporated to a sirup, and caused to crystallize 
by a sudden jar, releasing heat as it does so. A solution in which wires, leading to an 
electric lamp properly connected, are immersed will conduct sufficient current to light 
the lamp. Le. Fe 
Small battery charger supplies current for nickel plating. R.H.Rocers. Pop. 
Sci. Mo., 121, 95 (Oct., 1932).—A small battery charger of the ‘‘tungar”’ type, an elec- 
trolytic cell which may be made from a sawed-off ice-cream tub or earthenware crock, 
some nickel salts and nickel castings, provide the equipment necessary to do very satis- 
factory nickel plating. For final polishing, a small motor-driven buffing wheel is con- 
venient. ey oe 
Experiments in microscopy. Demonstrating Brownian movement and Cottrell 
precipitation. E. W. BLanx. Sch. Sci. & Math., 32, 281-3 (Mar., 1932).—A small 
square dish placed on a microscope stage contains smoke. If such a dish is not available 
a cell may be readily constructed by fastening four square cover glasses on a microscopic 
slide by means of ambroid cement. On opposite sides of the cell fasten long thin strips 
of tinfoil to serve as electrodes. Thin copper wires pass to terminals of the secondary 
of a spark coil. NH,OH and HCl are introduced for making a dense cloud of NH,Cl. 
A strong electric bulb is placed behind a shade having an opening approximately !/s 
inch in diameter. The pencil of light from this opening is focused on the smoke by 
means of a double convex lens. The room is darkened. The Brownian movement is 
observed by focusing a low-powered objective on the beam of light passing through 
the smoke. The principle of the ultra-microscope can be illustrated by this apparatus. 
After the Brownian movement has been observed, complete the primary circuit of the 
spark coil. The white fumes of the NH,Cl are completely precipitated leaving the 
cellclear. A sketch accompanies the description. J). HG. 
Cellophane as a substitute for mica. W.E.Hammonp. Science, 76, 125 (Aug. 5, 
1932).—In making quarter-wave mica plates or to build up a mica wedge, it is difficult 
to obtain plates of mica of the same thickness. Mr. Hammond discovered that Cello- 
phane is doubly refractive and remarkably uniform in thickness. He has replaced mica 
with Cellophane and finds it satisfactory. G. H.W. 
The Woulffe bottle. See this title, p. 2141. 


KEEPING UP WITH CHEMISTRY 


Blasting without explosives: A new job for carbon dioxide. F. H. KNEELAND. 
Chem. & Met. Eng., 39, 433-4 (Aug., 1932).—In order to secure a pushing or heaving 
action, as well as to assure safety in the presence of explosive mixtures of gas and air, 
a blasting device known as “‘cardox’’ has been developed. The cardox shell is a cylinder 
of alloyed steel of very high tensile strength. The cylinder is closed at one end by a rup- 
turable disk of mild steel, held firmly by a cap containing vent holes, and screwed into 
the end of the shell body. The inner end of this cap forms a shear ring against which 
the disk rests. A ‘‘heater’’ is inserted into the other end of the shell. This heater con- 
tains a mixture of chemicals capable of reacting and producing heat. This is usually 
a mixture of an oxygen carrier as potassium perchlorate and a reducing agent as powdered 
aluminum or charcoal. The tube also contains an electric match head or squib. A 
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wire from the squib terminates at the side of the heater tube and makes an electrical 
contact with the shell body at its terminal opening. Another leg wire passes through 
the wooden plug that closes the upper end of the heating tube. It is here wound into a 
flat coil lying at the bottom of a cone-shaped depression in the end of the wooden plug. 
After the heater and disk have been placed and screwed up tight the shell is charged 
with liquid carbon dioxide at 0 to 20°F. and 900 Ib. to square inch pressure. In use, 
this shell is put in the bore hole, lead wires correctly attached, and tamped into place. 
The lead wires are connected with the terminals of a blasting machine and its handle 
given a twist. The match head being fired starts the heater chemicals into action. In 
‘/s5 of a second the heat is sufficient to gasify the carbon dioxide and the pressure jumps 
from 900 to 15,000 or 20,000 Ib. per square inch. This ruptures the soft steel disk 
releasing the carbon dioxide, which in turn heaves out the material to be mined. 
J. W. 

The origin of the gamma rays. E. RuTHERFORD. Sci. Mo., 34, 483-6 June, 
1932).—While it has been evident that gamma rays, emitted from radio elements, repre- 
sent, in a sense, some of the characteristic modes of vibration of the nuclear structure, 
it has been difficult to determine with certainty the origin of this radiation. It was at 
first supposed that it must arise from the motion of electrons in the nucleus, but in recent 
years there has been a growing belief that the radiation is connected with the transition 
of an a@-particle or proton which forms part of the nuclear structure. Experimental 
evidence obtained from three different methods of attack point strongly to the conclusion 
that the gamma rays have their origin in the transition of an a-particle in an excited 
nucleus. Considerable data was given relative to the artificial disintegration of ele- 
ments resulting from bombardment by a-particles. The results pointed to the prob- 
ability that a gamma-radiation as well as the neutron is emitted from beryllium and 
possibly from other elements. G. W.S. 

Mixing gasandalcohol. Jnd. Bull. of Arthur D. Little, Inc., 69, 1-2 (Sept., 1932).— 
France has been active in studying motor fuels derived from sources other than petro- 
leum and coal. Alcohol is one of the most promising of motor fuels from vegetable 
origins. In the July number of Chimie et Industrie (Paris) there is an excellent review 
of the present status of alcohol as a motor fuel. It is summarized here. The use of 
pure alcohol in our present engines is impractical, although special engines can be built 
to use it. 15 to 25% alcohol will work very well in our present cars, with no change in 
carburetor adjustments. Alcohol is about twice as effective as benzyl for anti-knock 
purposes and is safer than tetraethyl. Alcohol also has a cleansing effect so that motors 
which run on fuels containing alcohol are freer from carbon deposits. It is probable 
that in ordinary weather water would do no more harm in alcohol-containing motor 
fuels than in gasoline, while in freezing weather it would do less harm. The presence of 
alcohol improves the volatility of gasoline due to the formation of azeotropic mixtures. 
The question of cost depends to a large extent on taxes and legal requirements. The 
manufacture of absolute alcohol for the mixture with gasoline is not difficult or expensive. 
Here in the U. S. where there is unlimited petroleum and very exacting alcohol laws, the 
cost would be greater than that of gasoline. In Australia the Shell Company is market- 
ing ‘‘Shellpol,” containing 15% alcohol. Alcohol is not a replacement for gasoline, only 
anextender. Synthetic methyl alcohol also has possibilities like that of ethyl. G. 0. 

Unrefined sugar. H.C. S. De Wuattey. Chem. & Ind., 51, 739-40 (Sept. 2, 
1932).—Cane and beet sugar contain almost no vitamins but this is not because the 
refining process has destroyed them. Raw, unrefined sugar contains negligible amounts 
of vitamins. Raw sugar does contain impurities, bits of fibers, microérganisms, sugar 
lice, etc., which are removed during the refining process. E.R. W. 

Solubility problem of colloids. E.S.Hepces. Chem. & Ind., 51, 607-9 (July 15, 
1932).—While colloidally dispersed material is in equilibrium with material which is 
molecularly dispersed, the colloidal material itself may be said to have a solubility since 
there is usually a maximum concentration of colloid which can remain stable under a 
given set of conditions. In contrast with the independence of the solubility of simple 
salts on the amount of salt present, the solubility of colloids is often dependent on the 
amount of colloid present. The swelling of gels is dependent on the ratio of the amount 
of swelling liquid to the amount of gel. This fact casts some doubt on the validity of 
early experiments on swelling. E.R. W 

Tornesite (chlorinated rubber). F. RosENDAHL. Chem.-Zig., 56, 729-30 (Sept. 
14, 1932).—Although a patent on chlorinated rubber was taken out.as early as 1859 
it was only in 1930 that attempts to manufacture it on a large scale became successful. 
The product is on the market under the name of Tornesite. 

Tornesite is a white powder of specific gravity of 1.5. It is stable at 150°C. When 
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exposed to an open flame it chars without burning; it is non-combustible. Its moisture 
content is 0.32-0.42%, the chlorine content is 72.76%, the nitrogen content is 0.13%, 
while the ash amounts to about 0.13% also. No hydrochloric acid is formed on ex- 
posing the material to the action of ultra-violet light for 17 days (4.5 hours daily). 
It is soluble in benzol and its homologs, ethyl acetate, acetone, carbon disulfide, carbon 
tetrachloride, chloroform, linseed oil, wood oil, poppy-seed oil, etc.; it is practically in- 
soluble in water, benzene, and mineral oils. It is not affected at room temperatures 
and at temperatures below its decomposition temperature by acids, alkalies, and aqueous 
salt solutions. It is a non-conductor of the electric current but acquires an electric 
charge on rubbing. Its tensile strength is 296 kg./cc. 

The stability of Tornesite makes it valuable as a rust-proofing chemical and as a 
protecting agent (e. g., for concrete) against chemical action. It is now being used to 
protect pipe lines, and iron construction of all types. A typical formula is 22% Torne- 
site, 41% benzol, 37% red lead. Tornesite is also used as a substitute for nitrocellulose 
in lacquers. Tornesite lacquers were found to be highly efficient in protecting ships 
against the influence of water. L. S. 

The structure of the atomic nuclei. E. RurHERFoRD. Chem. News, 144, 289-96 
(May 6, 1932).—An address at the Royal Institution, April 28, 1932. F. B. D. 

How the last two elements were found. See this title, p. 2141. 

Transparent wraps. Ind. Bull. of Arthur D. Little, 69, 4 (Sept., 1932).—Cel- 
lulose continues to provide our wrapping materials, but science is manufacturing it in 
new and more attractive forms. First by impregnating paper with paraffin, as in waxed 
paper, some degree of transparency and a considerable resistance to moisture was ob- 
tained. Glassine papers followed and continue to be used in large quantities, but the 
modern tendency is increasingly in the direction of glass-like transparency accompanied 
by high moisture-proof qualities. Cellophane was the result; but ordinary Cellophane 
readily absorbs moisture. This disadvantage has been overcome by coating it with a 
protective lacquer. Today numerous compounds of cellulose from which transparent 
sheets are readily produced, are now upon the market. One of these is cellulose acetate. 
It appears under various trade names as Kodapak, Inceloid, and Protectoid, and it is a 
direct competitor of Cellophane, for its thin sheets are even more brilliantly transparent 
than Cellophane. For some of them they claim a lower specific gravity than Cello- 
phane, and consequently afford a coverage per pound 20% or more greater than Cello- 
phane. G. O. 
Something new—aluminum jewelry. C. M. Hoke. Sci. Am., 147, 82 (Aug., 
1932).—In 18th Century Russia stovepipes were made out of platinum; in 19th Century 
France jewelry was made of aluminum which was worth almost its weight in gold. To- 
day, aside from the innumerable uses it has already found, aluminum is again being 
made into jewelry. It is beautiful, light, and durable. An aluminum watch has been 
made which weighs, including the bracelet, under an ounce. G. H. W. 

uartz takes up fire-fighting, G. LockHart. Sci. Am., 147, 166-7 (Sept., 
1932).—-The recent announcement of a quartz bulb sprinkler head has caused wide- 
spread interest. The bulb, hermetically sealed, contains a measured amount of liquid 
which expands and bursts the bulb at a predetermined temperature. The quartz bulb 
is sensitive, prompt and effective in action, and is immune to corrosion. G. H. W. 

A method for the preservation of book bindings. J. P. SANDERS. Science, 76, 
277 (Sept. 23, 1932).—In place of beeswax dissolved in hexane, which is used by the 
British Museum as a preservative for book bindings, Mr. Sanders suggests a better wax 
and a cheaper solvent. . The solvent is composed of equal volumes of carbon tetra- 
chloride and benzene and the wax is Halowax no. H X R D-2-25. Lanolin is added to 
give oil protection to the book. G. H. W. 

Potassium permanganate as an antidote for snake venom. A.M.REESE. Science, 
76, 234-5 (Sept. 9, 1932).—Recently considerable doubt has been expressed as to the 
efficacy of this chemical in cases of snake bite. After two years of experimenting with 
white rats, Mr. Reese claims that potassium permanganate did have some beneficial 
effect under the conditions of his investigation. Therefore, since potassium perman- 
ganate in a 1% solution is harmless to living tissues, it should still be used as an antidote 
to snake venom, at least as a first-aid treatment. G. H. W. 

Choosing and using materials for chemical plant construction. W. S. CaLcotr 
AND T. R. Ottve. Chem. & Met. Eng., 39, 476-8 (Sept., 1932).—Rules for choosing 
corrosion-resisting metals and alloys are given under the heads: I. Preliminary Selec- 
tion based on experience, manufacturers’ data, special literature, general literature, 
availability, safety, mechanical and physical properties, preliminary tests by standard 
laboratory methods as a check on deductions from experience, literature, and opinion. 
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II. Laboratory Testing, which includes a revaluation of apparently suitable materials 
with test pieces included in the laboratory runs of the proposed process and a retest of 
apparently suitable materials using turnings or filings to determine effect of metals on 
solutions. III. Application of Data and Final Selection which means the interpretation 
of laboratory results and other data in terms of plant operation, giving consideration to 
(a) presence of air in equipment, (5) possibility of impurities, (c) segregation of alloy 
constituents, (d) fabrication methods, (e) avoidance of electrolysis, (f) effect of tem- 
perature increase, (g) effect of heating method, (/) effect of agitation; and a comparison 
of economic features of apparently suitable materials with respect to material cost, 
fabrication cost, probable life, lost time costs, cost of product degradation, liability of 
special hazards. Finally, the need should be determined of a semi-works check on data 
obtained in the laboratory. J. Wek 
Dollars and cents—‘“The operating cost of corrosion.” C.L.MANTELL. Chem. & 
Met. Eng., 39, 479-80 (Sept., 1932)—-Expressed mathematically the operating cost of 
corrosion = 10/L (M + F + Sh +J + R—S)-—B where L is the expected life in years, 
M is the total cost of material, F is the fabrication cost, Sh is the shipping cost, J is the 
installation cost, R is the cost of removal and salvage, S is the salvage or scrap value, 
and B is the cost of the hypothetical piece of bogey equipment. Examples are calcu- 
lated for three imaginary alloys from which it is concluded that for the conditions of 
the problem the most expensive material is actually cheapest. J. W. H. 
Petroleum pays increasing toll to corrosion. S. Girt. Chem. & Met. Eng., 39, 
481-3 (Sept., 1932).—Destruction of equipment by corrosion is an important problem 
in practically every branch of the petroleum industry, from the bottoms of the wells 
which produce the crude oil to the final steps in transportation and storage of the 
finished products. The more destructive corrosive conditions are (a) oxygen-free oil- 
well brines, (>) aérated oil-well brines, (c) hydrogen sulfide air and water in vapor spaces 
above the oil in tanks handling sulfide-bearing oils, (d) corrosive soils, (e) hydrochloric 
acid from the hydrolysis of calcium and magnesium chlorides of the salt water of crude 
oils in low-temperature distillations, (f) sulfur and sulfur compounds in high-temperature 
distillations. Oil-well strainers, casings, tubing pumps, and sucker rods are all attacked 
and make the most serious problem of the industry. J. Wi. 
Pulp and paper advance fight against corrosion loss. J. D. MILLER. Chem. & 
Met. Eng., 39, 484-5 (Sept., 1932).—Iron and steel are satisfactory materials for equip- 
ment of mechanical grinders, and digesters for making paper pulp by sulfite and alkaline 
pulping processes. Sulfur-burning furnaces are lined with soapstone or chrome brick. 
Chromium plating is the most satisfactory for screens, suction box covers, calender 
rolls, and evaporator tubes. A tile lining is satisfactory for bleachers. Alum added in a 
dry form obviates the corrosion usually caused when aluminum sulfate is added to the 
rosin-soap sizing. Wood, wood-lined-steel, cement-lined cast iron and copper pipe are 
used in making fine papers where contamination from iron is not desired. J. W. H. 
Dye industry searches for cheaper plant materials. H. Mm.er. Chem. © 
Met. - dig 39, 486-8 (Sept., 1932).—Many improved processes in the dye industry are 
awaiting cheaper materials of construction before they can be introduced on a com- 
mercial scale. The composition and physical structure of cast iron must be carefully 
controlled if it is used for sulfonation reactions. Cast iron is also used in nitrations 
but efficient agitation is important to prevent the formation of pockets of high nitric 
content and hence local corrosion. Next to iron and steel lead is used most because of 
cheapness and ease of replacement. Aluminum bronze is used for about the same 
service as lead and stands up to heat better. Everdur, a copper-silicon-manganese alloy, 
is being rapidly introduced where the sulfuric acid is between 40 and 65% and tem- 
peratures exceed 50-60°C. When vats are used for handling acids, cypress gives good 
service and is the wood most generally used. J:W oe. 
Non-metals head list in HCl resistance. S.L. TyLtER. Chem. & Met. Eng., 39, 
488-9 (Sept., 1932).—Dissolving HCl gas in water is highly exothermic and contributes 
one of the most serious problems in the commercial production of HCl. Any absorption 
system that is to be efficient must be designed with heat removal as the main considera- 
tion. Water solutions of HCl are among the most corrosive chemicals known, attacking 
all except the noble metals. Materials in general use for handling HCI are stone, stone- 
ware, fused silica, rubber, glass, glass enameled steel, carbon refractories, and wood. 
It is best stored in rubber-lined tanks of wood or steel. J. W. H. 
Modern nitric acid production demands special alloys. T. McKNicut. Chem. & 
Met. Eng., 39, 490-2 (Sept., 1932).—Nitric acid manufacture by the pressure system of 
ammonia oxidation has been made commercially possible through the application of 
special alloys. The material problems involved include: resistance to corrosion; resis- 
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tance to scaling in highly oxidizing gases at elevated temperatures; prevention of con- 
tamination and decomposition of the materials in the process. In this process are used 
the common metals when possible, nickel, high-silicon iron, 18% chrome, and 8% nickel 
alloys. Sound castings of chrome alloys are difficult to obtain. Corrosion resistance 
may be varied by heat treatment. All working of the alloys in fabrication of equipment 
should be done under rigid specifications. «We Ef. 
Corrosion looms large in sulfuric-acid plants. J. J. HeALy, Jr. Chem. & Met. 
Eng., 39, 492-3 (Sept., 1932).—In the chamber process lead is used for the chambers, 
coils, and coolers, lead- lined with acid-proof brick for the Glover and Gay-Lussac towers. 
In the contact process lead is used for towers, pipe lines, pumps and valves, but there 
is little choice between lead and cast iron. Neither is entirely satisfactory. Steel- 
lined with acid-proof brick is best for the absorbers. Storage materials depend on acid 
strengths, varying from lead-lined steel or wood to steel. Suggestions are also given as 
to the best materials to use as acid containers in the various industries using acid solu- 
tions of different strengths. .W. H. 
Where stainless alloys stand in chemical construction. FE. C. Wricut AND K. E. 
Lucer. Chem. & Met. Eng., 39, 494-6 (Sept., 1932).—Chemical engineers have used 
stainless steel in meeting one or more of the following specific requirements: (1) severely 
corrosive service at moderate temperatures where the expected life of the equipment is 
the most important consideration; (2) prevention of contamination of the product to be 
handled by the equipment; (3) resistance to high temperature; (4) general mechanical 
requirements. Special properties of five stainless steels are given. J. W. H. 


SCIENTIFIC REVIEWS AND BIBLIOGRAPHIES; TABULATIONS OF SCIENTIFIC 
DATA 


Rubber latex. Recent scientific and technical developments. V. N. Morris 
anp H. W. Greenup. Ind. Eng. Chem., 24, 755-70 (July, 1932).—In 1921, latex 
was a curiosity even to scientists connected with the rubber industry in London. Over 
9,000,000 pounds were imported into the U. S. in the first ten months of 1931. While 
the consumption of crude rubber dropped 20% in 1930, the importation of latex in- 
creased by about the same amount. Difficulty in transporting latex without coagula- 
tion and cost of transporting so much water retarded interest in the direct application 
of the latex. Most rubber has thus been collected as latex, coagulated with formic or 
acetic acid, washed, sheeted, dried, smoked, packed, shipped, unpacked, plasticized by 
mechanical working in heavy machinery, compounded by mechanical introduction of 
the desired ingredients and vulcanized in a mold. When manufactured from latex, the 
latex is concentrated, shipped in the presence of a preservative, compounded by stirring 
the ingredients into the liquid latex in the presence of suitable protective agents, formed 
by dipping or other methods, and finally dried and vulcanized. Advantages claimed 
for the latex method are: simplicity in manufacture, freedom from defects due to milling, 
more uniform product, better dispersion of compounding ingredients, better aging, lower 
accelerator costs, elimination of fire and health hazards in processes formerly requiring 
rubber cement. Not all of these advantages are accepted without dispute, and present 
low crude-rubber prices place latex at a disadvantage. 

Rubber latex is discussed under the following heads: Influence of Anatomy of 
Trees on Yield of Latex; Structure of Latex Particle; Non-Rubber Constituents in 
Latex; Determination of Rubber Content; Coagulation; Preservation and Shipping; 
Concentration of Latex; Incorporation of Compounding Ingredients; Manufacture of 
Rubber Goods by Dipping; Manufacture by Electroplating; Other Methods of Manu- 
facture, Gelling, Molding, Spraying, Milling after Compounding and Coagulating; Im- 
pregnation of Fabric; Uses. 

The uses include tire and tube manufacture, cements, adhesives, sealing compounds, 
porous and sponge rubber products. If treated with NaOH to destroy proteins, the 
insulating value is increased 300 to 400%. It is used in the shoe and leather industry 
in composition soles, and in making leather substitutes and a binder for scrap leather. 
Small amounts of latex have been incorporated into viscose and paper, thereby increas- 
ing the strength. Articles may be conveniently made or coated with rubber by electro- 
deposition. References to over 200 papers or patents are given. Dy Gakus, 

Modern materials. Chem. & Met. Eng., 39, 513-24 (Sept., 1932)—A newspaper 
of corrosion resistance citing recent developments in the manufacture and utilization of 
materials of construction. J. W. H. 


Modern metals. Chem. & Met. Eng., 39, 497-512 (Sept., 1932).—A compilation 
of the physical and chemical properties of 258 corrosion, heat, and abrasion-resistant 


metals and alloys. 


J. W. H. 
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HISTORICAL AND BIOGRAPHICAL 


Jean Antoine Claude Chaptal (1756-1832). Nature, 132, 122 (July 23, 1932) — 
When Chaptal died (July 30, 1832), France lost a man of science and a statesman who 
had perhaps done more for the progress of arts, industries, and manufactures than any 
of his contemporaries. A graduate of Montepellier, he became professor of chemistry 
there in 1784. Later he established works for the manufacture of acids, alum, white 
lead, etc. His success was such that in 1793 the Committee of Public Safety employed 
him with Berthollet and Monge to superintend the manufacture of munitions. Under 
Chaptal, the output was raised to one and one-half tons per day. In Paris he became 
one of the first professors in the Ecole Polytechnique. His ambition and energy finally 
made him Minister of the Interior. He wrote several valuable and much used books on 
chemistry. His volume on ‘‘Chemistry Applied to the Arts’ was widely translated 
and long remained a standard book of reference. It had a great influence on American 
chemistry, the third American edition appearing in 1806. General Washington three 
times invited him to emigrate to America, but the offers were declined, and he de- 


voted his life to the service of France. F. B. D. 
An obituary of Prof. Wilhelm Ostwald (1853-1932). A. Finptay. Nature, 129, 
i i Ostwald’s 





“‘work as a teacher and as champion of what might be called the new learning”’ (Van’t 
Hoff’s theory of solutions, Arrhenius’ theory of electrolytic dissociation, etc.) was 
perhaps of still greater value for the advance of science. He was characterized by hon- 
esty of purpose, enthusiasm, freshness of mind, and a variety of interests, among them 
painting, as is shown by his publications in his later years on the theory of color. He 
was a Nobel prizeman (1909) and an exchange professor at Harvard in 1905. Fr: B.D: 

The errors of the doctors according to Friar Roger Bacon of the minor order. 
M. C. Wersorn. Isis, 18, 26-62 (1932)—A complete translation of the work with 
Bacon’s own notes on drugs, critical notes by the translator, a list and glossary of drugs, 
and a list of the authors and their works mentioned by Bacon. The treatise contains 
the following interesting reference to alchemy. 

“Medicine does not explain this development (of the humors and elements of the 
body) but constantly sends the doctors to alchemy, as is shown by Avicenna in many 
places, and by other authors of medical works. Whence this alone of the sciences, 
that is, alchemy, dares to explain what are the first four elements, then the second four, 
and a third four, up to twelve, from which man and the whole lower world are made. 
Whence there are twelve corporeal substances which have within themselves the power 
to determine the species of things and exist in the world per se, and the natural philoso- 
pher deals with only four of these elements. However, the doctor, although he touches 
upon these things does not explain them but sends the medical students to alchemy, 
as is shown by Avicenna in the first Canon, the one in which he disagrees with Galen, 
who says that only blood flows through the parts of the body which need nourishment. 
For he shows that the other humors are necessary for many reasons, and after putting 
forth his arguments, he confirms what he has said by means of alchemical experiments. 

“Therefore for this reason and for countless others, alchemy is necessary in specula- 
tive medicine in order to become acquainted with the generation of things and with the 
properties of natures. When Avicenna in his second Canon argues against Galen con- 
cerning the generation of quicksilver he says, ‘Galen thinks that quicksilver is made 
only from cinnabar in a base smeared with clay, above which a fire is burned and thus 
it is sublimated,’ but this is not true; on the contrary cinnabar is made from quicksilver 
with sulfur, and then it is possible to extract it from quicksilver just as it is extracted 
from mineral cinnabar. And thus I have treated of the science of alchemy, according 
to the words of Avicenna in his letter to Hasen concerning the value of alchemy, in which 
is shown the generation of cinnabar from quicksilver and sulfur. But it would take too 
long to enumerate the uses of alchemy in its relation to both theoretical and practical 
medicine; therefore let this be enough for the present.” TL. Dd. 

Robert Boyle and his influence on thought in the seventeenth century. J. F. 
Futton. Isis, 18, 77-102 (1932).—‘‘Robert Boyle (1627-1692) was one of the first in 
science whose work was widely read by the lay public, and through this circumstance 
he exerted a far more important influence than is commonly recognized. He wrote ina 
language that his contemporaries could understand, and he undoubtedly did more than 
any one of his time to make science a part of the intellectual equipment of educated men. 
Boyle had never been a student at a university and throughout his active life he declined 
to occupy a chair. He touched nearly all branches of knowledge, however, and there 
is no division of modern science, except possibly astronomy, which cannot trace phases 
of its origin in his writings. In addition to his well-known contribution to the gas laws 











jak) i ee Bee: 


en oe ee ey pe ae 





932 


ny 
try 
‘ite 
red 
ler 


lly 


le- 


~ a. 


n 


7 








VoL. 9, No. 12 ABSTRACTS 2139 


he was the first modern protagonist of the atomic structure of matter and he gave a clear 
statement of the kinetic theory of gases. He studied respiration, the chemical nature 
of blood and urine, magnets and electricity; but of even greater importance was the 
enunciation of a theory of combustion and respiration which recognized the dependence 
of the process on a substance extracted from the air. As Professor T. S. Patterson has 
recently shown, Mayow’s theory of combustion was drawn largely from Boyle without 
acknowledgment. Boyle’s contribution to science was thus great, but it is urged that 
his success in placing science on an equal footing with the other intellectual disciplines 
represents an even more far-reaching accomplishment.” Pads EM 
Hermann Kopp as a chemist. B. BessMeRTNY. Archeion, 14, 62-8 (1932). 


Hermann Kopp as an historian. E.O.voNLIpPMANN. A/rcheion, 14, 1-5 (1932). — 
A brief examination of the historical writings of Kopp, in particular of his four large 
works and of their importance for later time. ‘‘Geschichte der Chemie,’ 1843-1847; 
‘‘Beitrage zur Geschichte der Chemie,” 1869; ‘Entwicklung der Chemie in der neueren Zeit,”’ 
1871; and ‘“‘Die Alchemie in dlter and neuerer Zeit,’’ 1886. By) ad) 

Eugene Chevreul, historian of chemistry. H. Mertzcrer. Archeion, 14, 6-11 
(1932).—Chevreul’s ‘‘Histoire des Connaissances Chimiques,’’ 1866, contains much 
interesting material foreign to the history of chemistry and contains very little material 
on that subject. It is really an introduction to a much larger work of which only a 
fragment was published—‘“‘Résumé d’une histoire de la matiere depuis les philosophes 
grecs jusqu’a Lavoisier inclusivement,”’ 1878. Mme. Metzger gives a brief summary of 
the contents of the latter work. B pee Sa 3 

Lavoisier’s three notes on combustion: 1772. A. N. MELDRUM. Archeion, 14, 
15-30 (1932).—A report of Professor Meldrum’s study of three autograph notes of 
Lavoisier (dated September 10, October 20, and November 1, 1772) which are pre- 
served in the Archives of the Academte des Sciences. 

“On the tenth of September Lavoisier worked with phosphorus—obviously for the 
first time—watched it glowing, fuming, burning. Forthwith he proposed to verify 
what Cigna had reported, that phosphorus absorbs air when it burns. 

“After an interval of nearly 6 weeks Lavoisier recorded progress: during the 
conversion of phosphorus into phosphoric acid air is absorbed; there is increase of 
weight owing to the weight of this air; the phosphoric acid that is first produced is 
changed, owing to the humidity of the air, into another phosphoric acid. He drew a 
parallel between the substances that arise in the combustion of phosphorus and of 
sulfur. 

“It would seem that Lavoisier, after having studied the conversion of phosphorus 
into phosphoric acid, came to a pause. The thought then came to him, under the 
stimulus of disagreement with the views of Sage on phosphoric acid, of writing the 
memoir, on phosphoric acid and its salts, that is indicated in the title of the 2nd note 
and that he produced nearly 5 weeks later. Having that purpose in view he prepared 
phosphoric acid in quantity. With the writing of the 2nd note the pause came to an 
end: he resumed work on the problems of combustion. 

“Lavoisier, during the next 12 days, was thinking and working fervently. He 
established the analogy, of which a glimpse is to be seen in the 2nd note, between the 
conversion of phosphorus into phosphoric acid and of sulfur into sulfuric acid. He sur- 
mised that combustion, and the calcination of a metal, when accompanied by increase 
in weight, is accompanied also by absorption of air. He proved that the reverse of 
calcination, the reduction of a calx to a metal, is accompanied by production of air. 

“Lavoisier made the claim, toward the end of his life, that he had conceived, so 
early as the year 1772, the doctrine on combustion, as a whole, that he afterward 
published (‘‘ Mémoires de Chimie,”’ 1805, 2, p. 86). In support of his claim he quoted 
the note of the lst November, 1772. The note bears out his claim. It is a finished 
composition, thought out, thought through, written with conviction. Facts that are 
insignificant, each taken by itself, are brought into a relation with one another that 
proved to have an immense value for chemistry. Lavoisier perceived that absorption of 
air goes on, and is accompanied by increase in weight, when phosphorus is converted 
into phosphoric acid, sulfur into sulfuric acid, lead into litharge. Moreover, the reverse 
change, litharge into lead, is accompanied by production of air. Absorption of air 
accompanied by increase of weight, production of air accompanied by decrease of weight, 
on these simple principles he proceeded to establish his doctrine on combustion and, 
more than that, to establish a new system of chemistry.” Leh. 

Introduction to a study of the réle of Lavoisier in the history of chemistry. H. 
MeETzcER. Archeion, 14, 31-50 (1982). Tt. EL. 
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The réle of Lavoisier in the history of the sciences. A. MIELI. — 14, 
51-6 (1982). D. 
Note on the Arabic mss. on alchemy in the Asafiyah Library, Hyderabad ( (Decca), 
India. H.E.STapLeton. Archeion, 14, 57-61 (1932). me 
( Albert the Great, his scientific views. T. GREENWOOD. Archeion, rc 69- 73 
1932). T.L.D 
Report on the Ma’al-Waraga. H. E. STAPLETON AND H. Husain. Archeion, 14, 
74-5 (1932).—Preliminary report on the Arabic manuscript of this title from Lucknow. 
The treatise is identical with the Latin ‘‘ Tabula chemica”’ of Senior Zadith as printed in 
the “ Theatrum Chemicum.” Tt... DB: 
The alchemy and the alchemistic cosmogony of Theophrastus Paracelsus. F. 
Strunz. Archeion, 14, 76-87 (1932). T..L..D, 
Nitrogen and phosphorus. “A classic of science.” Sci. News Letter, 20, 102-4 
(Aug. 13, 1932).—Robert Boyle is author of the paper upon phosphorus which he entitles 
“The Aerial Noctiluca.’’ Priestley is permitted to report on nitrogen as it is presented in 
his “Experiments and Observations on Different Kinds of Air’; and a cutting from 
Lavoisier’s ‘‘Elements of Chemistry”’ tells of his choice of a name for nitrogen. Boyle 
obtained his phosphorus from urine. He used sand with the residue left behind in the 
retort after distillation. Evidently the carbon resulting from the decomposition of the 
organic matter in the retort served to reduce the phosphorus. Priestley absorbed the 
oxygen from ordinary air by the use of a mixture of sulfur and iron filings. The un- 
absorbed air is the gas which he describes. Lavoisier favors azote as a name for this 
gas remaining after Priestley’s experiments because it has the ‘‘property of depriving 
such animals as breathe it of their lives.” B: ©. i. 
The first morphine. ‘A classic of science.” Sci. News Letter, 22, 120-1 (Aug. 20, 
1932).—This classic was translated from an article, ‘‘Ueber das Morphium,”’ by Serturner 
in Annalen der Physik, volume 55 in 1817. Dried opium was extracted by water and 
then the extract was saturated withammonia. The crystalline precipitate, the morphine 
obtained, was further purified by washing, resolution, and reprecipitation. Its proper- 
ties are described, and especial attention is given to its carbonate, acetate, sulfate, nitrate, 
and tartrate salts. A large part of the article gives the results of experiments which 
the author performed upon himself and three young men by administering the morphine 
internally. BoCor, 
Three common elements in group IV. ‘A classic of science.”? Sci. News Letter, 
22, 23-4 (July 9, 1932).—Tin, lead, and silicon are the three elements. The accounts 
are taken from ‘‘The Geography of Strabo,” ‘“‘Georgius Agricola de re Metallica,”’ and 
Annals of Philosophy. H. C. Hamilton translated the first, Herbert and Lou Hoover, 
the second, and the last is from a letter from Perzelius. The Tin Islands are described 
as being hard to find and known only to the Phoenicians for a long time. Their chief 
minerals were lead and tin. Agricola’s treatise is concerned with assaying the lead and 
tin. In each case the assay is brought about by a flux such as borax, and a reducer, 
usually charcoal and heat intensified by a bellows. Berzelius’ letter is quite modern, 
1823, as compared with Strabo’s Geography, A.D. 23, and Agricola’s work, 1556. In 
one part of the letter he tells of isolating silicon and of a study of that element’s proper- 
ties. He noted its resemblance to carbon. BoC oe. 
Sir William Crookes. Chem. News, 144, 387-409 (June 17, 1932).—This issue 
is devoted to an appreciation of Sir William Crookes (1832-1919), who was the founder, 
and editor of the Chemical News from 1859-1919; and contains the following articles. 
“William Crookes, The Man and His Work’”’ (1832-1919), by H. W. BLoop-RyYAN. 
“The Artificial Transformation of the Elements,’’ by Lorp RUTHERFORD. 
“The Fourth State of Matter,” an appreciation of Crookes’ contributions to modern 
physics, by Pror. Inco W. D. Hack. 
“Crookes’ Warning to Agriculture and the Response by the Chemical Industry,” 
by Str Harry McGowan. 
“Sir William Crookes,’”’ by Pror. NICHOLAS KNIGHT. 
“‘Crookes and His Faith,” by HENry T. F. RHopEs. P.B.-D: 
Michael Faraday and electrochemistry. H.Hartiey. Chem. News, 144, 410-9 
(June 24, 1932).—This lecture delivered before the Royal Institution on Friday, March 
4, 1932, gives an interesting account of Faraday’s work on electrolysis and its relation to 
modern conceptions. He finally quotes at the end of the address Tyndall’s words, 
“Faraday was more than a philosopher; he was a prophet.” F.. Bs: 
Faraday. See Coal, color, and constitution, p. 2144. 
Lavoisier, Priestiey, and Black. J. Bett. Chem. News, 145, 119-20 (Aug. 26, 
1932).—The author quotes from three letters from Lavoisier to Black in the years 
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1789 and 1790, in one of which the French scientist expresses his gratification on hearing 
that Black had accepted his theory and system of nomenclature. The author suggests 
that the difference in attitude of Lavoisier toward Black and Priestley was due to the 
difference between the two British chemists themselves. black, gentle in disposition, 
never lost his temper and never lost a friend, while the fiery, controversial Priestley 
had the unfortunate knack of making enemies. F. B. D: 
Forty years of stereochemistry. W.J. Pore. Chem. & Ind., 51, 229T-33T (July 
15, 1982).—The sixth Messel Memorial Lecture. Pasteur and Le Bel were accom- 
plished crystallographers, and Van’t Hoff was a student of crystallography. It is prob- 
able that without this training these men would not have been able to lay the founda- 
tions of stereochemistry with such certainty. The classical stereochemistry based on 
the work of Pasteur will continue to expand and to merge into a larger stereochemistry 
which embraces all chemical substances whether optically active or not. X-ray studies 
will be very important in this newer field E.R. W. 


Anthracene centenary. Chem. News, 144, 313 (May 13, 1932).—This year marks 
the one hundredth anniversary of the discovery of anthracene by the French chemists 
Dumas and Laurent, who isolated it from the higher boiling fractions of coal tar. For 
nearly forty years it was of no importance until Graebe, Lieberman, and Caro in Ger- 
many and Perkin in England succeeded in converting it into alizarin, the result of 


which was to wipe out the French madder industry. Later the anthracene became the 
F. B. BD. 


basis of many of the important vat dyes. 

The Woulffe bottle. R. Win- 
DERLICH. Chem.-Zig., 56,681 (Aug. 
27, 1932).—In a recent critical dis- 
cussion of two reference books 
George W. A. Kahlbaum stated 
that it is not justifiable to credit 
Woulffe with the discovery in 1771 
of the so-called Woulffe bottle. 
The bottle was pictured in an article 
of the Abbé Rozier that appeared 
in 1784 in the ‘Observations sur la 
Physique.” The so-called Woulffe 
bottle of 1771 is not a Woulffe 
bottle at all but the ancient Dzbicos 
and Tribicos. 

Woulffe described and drew FIGURE 1 
many possible constructions. In 





one of the first (Figure 1) the 
vapors from the retort A are partly 
condensed in the vessel B; the drop- 
lets fall into the bottle C while the 
remainder of the vapors are ab- 
sorbed by water in F. In a later 
construction of 1784 (Figure 2) 
Woulffe gave his bottles a flat bot- 
tom and appreciably shortened the 
lateral drain tube. In this construc- 
tion G is a safety flask and H is the 
absorption vessel proper. A cylin- 
drical vessel with three outlets (as 
in Figure 1) and a dropping bottle 
were also attached to G. 
If the well-known shape of to- 
FIGuRE 2 FIcurE 3 day’s Woulffe bottle is considered 
of greater importance than the 
original thought, then it is not Woulffe but Joh. Carl Wilke who must be credited with 
this bottle. In 1782 he described, drew, and employed the three-neck bottle shown 
in Figure 3. =? 
How the last two elements were found. H. A. Wess. Sch. Sci. & Math., 32, 
475-86 (May, 1932).—The history and the discovery of elements 72, 43, 75, 61, and 91 
are given first; and then in detail the history and methods of discovery of virginium 87, 
in pollucite and lepidolite, and of alabamine 85, in monazite sand, potash from Germany, 
seawater, and several other sources. sees Ge 











JOURNAL OF CHEMICAL EDUCATION  DeEcemser, 1932 


TEACHING OBJECTIVES, METHODS, AND SUGGESTIONS 


The tutorial plan at Buffalo. H.W. Post. Chemist, 9, 601-2 (July, 1932)— 
Sophomore students at the University of Buffalo petition the department of their choice 
for the privilege of becoming majors in that department. In order to be accepted as a 
major in chemistry the student must have completed, or be taking, general inorganic 
chemistry, quantitative analysis, physics, calculus, and must have a reading knowledge 
of scientific German. The program for the junior and senior years for these students 
includes fundamental courses in organic and physical and at least one advanced course 
in either organic, inorganic, or physical. Each student completes some piece of in- 
dependent work preferably during the second semester of his senior year. Seminars are 
attended by these major or tutorial students and their tutors every two weeks. Com- 
prehensive written and oral examinations are given just before commencement. Those 
who graduate receive the degree bachelor of arts with a major inchemistry. E.R. W. 

An experiment in visual education in elementary college chemistry. B.S. Hop- 
KINS AND H. G. Dawson. Sch. Sci. & Math., 32, 353-63 (Apr., 1932).—See - same 
title, J. Cuem. Epuc., 9, 1837 (Oct., 1932). H. G. 

Instruction plan ‘material for science classes. Chemistry. M. MEIsTER. Sci. 
Classroom, 12, 3 (Oct., 1932).—Typical questions, based on the article on page 55 of 
the October, 1932, issue of Popular Science Monthly dealing with ionization and con- 
ductivity of solutions, are given as a guide for classroom discussion. H, r. Be 

Kem: An instructive chemistry card game. D. Brown. Sch. Sci. & Math., 32, 
519-21 (May, 1932).—The game Kem is played similarly to Flinch and was developed 
in Nottingham High School. Illustrations of the cards and full description for playing 
are given. Jj. i. G. 

EDUCATIONAL MEASUREMENTS AND DATA 


A study of the achievements of students of general chemistry in college. W. J. 
Bray. Sch. Sci. & Math., 32, 19-29 (Jan., 1932).—This study was made to consider 
certain factors which may have some bearing on the success of students of general 
chemistry at the college level. Five colleges in different sections of Missouri with a 
total general chemistry enrolment of 320 students at the average age of 191/, years 
coéperated. At the beginning of the quarter, the first form of the Iowa Chemistry 
Training Test, Revised, was administered and at the end of the quarter, the second form 
of the same test was administered. The facts observed in the study seem to warrant 
the following conclusions: (1) The average student of general chemistry in college is 
able to score about 18% of the possible score on the I. C. T. T. at the beginning of his 
study of the subject in college. (2) There is extreme variability in the scores of the 
students on the I. C. T. T., both at the beginning and at the end of the first quarter of 
study of the subject in college. (3) The achievement level of the group studied, as 
measured by the mean scores made on the I. C. T. T., practically doubled as a result of 
one quarter’s study of the subject in college. (4) A study of teachers’ marks indicates 
that about 50% of the group would most probably score between 74 and 87%. (5) 
The average intelligence quotient of the group as measured by the Otis Self-Administer- 
ing Test of Mental Ability, Higher Examination, Form C, was 105.94, with the standard 
deviation of 10.33. The range was from 79 to 131. (6) Students who graduated from 
the larger high schools seem to have the ability to score higher on the I. C. T. T. than 
those from smaller high schools. (7) Students who learned to read in city school 
systems (over 3000 population) seem to have the ability to score higher on the I. C. T. T. 
than those who learned to read in either rural schools or small town schools. (8) 
Students who studied chemistry in high school, tend to score higher on the I. C. T. T., 
both at the beginning of the term and at the end, than those of the whole group studied, 
though there is a definite tendency for that advantage to decrease during the term. 
(9) Those who have studied physics in high school tend to score higher on the I. C. T. T. 
than the average of the whole group studied, both on the first form and the second form 
of the test, though there is a definite tendency for this advantage to decrease during 
the term. (10) Those who studied biology in high school, and those who studied general 
science in high school, tend to score lower on the I. C. T. T. than the average of the 
whole group. (11) Those who take chemistry as an elective subject tend to score 
higher on the I. C. T. T. than those who take it as a required subject. (12) There is a 
definite tendency noted for the men students to score higher than the women students 
onthe I; C. T. T. 5, eG. 

Effect of class-size upon the efficiency of instruction. J. H. H. Smitru. High 
Sch. Quart., 20, 165-74 (July, 1932).—The article gives a résumé of the important 
studies which have been made to determine the relative effect of class-size upon student 
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achievement. The article points out some factors which have been overlooked in many 
of these experiments, the author coming to the conclusion that nothing has been settled 
and that our old notion that small classes may be more efficient is probably correct. 
C. M. P. 
Crime prevention through education. Research Bull. Nat. Educ. Assoc., 10, 
133-201 (Sept., 1932).—This bulletin is a résumé of a study carried out by the Research 
Division of the National Education Association. The report is divided into the follow- 
ing parts: (1) Introduction; (2) Statistics on Crime; (3) Crime Costs and School 
Expenditures; (4) Factors Associated with Crime; (5) The Problem of the Delinquent 
Child; (6) The Social Agencies of Crime Prevention; (7) Organizations Interested in 
Crime Prevention; (8) Selected Bibliography. There are twenty tables. C.M.P. 


THE PHILOSOPHY OF EDUCATION 


Coérdinated engineering education. H. S. Evans. J. Eng. Educ., 23, 5-14 
(Sept., 1932).—A national educational policy would be desirable in order to eliminate 
many discrepancies between the recognition placed upon certain attainments among 
the several schools. It is a serious indictment against an educational system when 
sixty per cent. of its students are weeded out in a four-year course. Schools are criti- 
cized because they graduate the crooked politician as well as the statesman. The real 
value of knowledge depends on the use to which it is put, and the training of character 
and personality is too often overlooked. ‘‘Codrdinated engineering education .... in- 
volves many more agencies and more years of a young man’s life than the usual span 
of a college course. It should begin with the boy in the form of information for his 
guidance and tests to determine his special abilities and continue through young man- 
hood. It becomes a problem of the preparatory school and the high school, possibly 
the grades even, then the university or senior college, then the graduate school, then 

P. &: Be 


industry.” 
FOREIGN CHEMICAL AND EDUCATIONAL CONDITIONS 


Science in English schools. Science, 76, 9 (Sept. 9, 1932).—‘‘Better science 
courses for elementary and secondary schools of England, which will train the children 
for life rather than examination, were urged by W. Mayhowe Heller before the British 


Association for the Advancement of Science.’’ G. H. W. 
BH. F. 


A comparative study of science education in Sweden and the United States. 
KILANDER. Sch. Sci. & Math., 32, 522-30 (May, 1932)—(1) The amount of science 
which every Swedish student must "study is rather extensive compared with that of the 
American student. Chemistry is least emphasized. (2) Science education begins 
earlier in the Swedish schools. (3) Each science, as a rule, is taught yearly so that a 
student is studying all three sciences simultaneously from one to three hours weekly 
through almost the entire school time. (4) There is a definite sequence in the science 
training. This is possible because there are no elective subjects within a given school 
type. (5) The Swedish state secondary school prepares the student for direct entrance 
into the professional schools as well as the university. (6) Individual laboratory prac- 
tice is very limited. Demonstration experiments occupy much of the class period and 
offset the lack of the former type. (7) Term examinations are given except at the end 
of the last school year of the school form. These latter exercise a marked influence on 
the character of the school work.. (8) The instruction centers about the teacher and 
the classroom demonstrations rather than about the textbook. (9) The university 
training of the secondary school teacher is almost entirely academic and very expensive 
in his two or three fields. His teaching subjects are limited to this group. H. G. 


PROFESSIONAL 


The place of chemistry in the carpet industry. G.E. Hopkins. Chemist, 9, 560-71 
(July, 1932).—The chemist has been called into the carpet industry in an effort to 
reduce manufacturing costs. This has been accomplished by a study of the materials 
in the special products used in the industry, and by the introduction of scientific con- 
trol in some of the traditional processes in the manufacture of carpets. The chemist is 
aiding in supplying the market with new products chiefly through the development of 
new chemical finishes. Fundamental research has proved of value and the solution of 
several specific problems awaits the correlation of the efforts and results of such research. 
The article contains an interesting account of the development of the carpet industry. 
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Coérdinated Engineering Education. See this title above. 
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GENERAL 


The cost of scientific journals. Science, 76, 267 (Sept. 23, 1932).—In a letter 
from Dr. M. J. Greenman, director of the Wistar Institute to the editors of all journals 
published by the institute we find that, though more pages are being published, in- 
dividual support of these journals is falling off. Due to the cost of publication, Dr, 
Greenman suggests that only papers of unusual importance be accepted and that illustra- 
tions be limited or that authors contribute toward the cost of illustration. G.H.W. 

Should scientific discoveries be patented? E. L. SevrincHaus. Science, 76, 
233-4 (Sept. 9, 1932).—In spite of the advantages in the use of the patent, there 
are grave disadvantages in its use in scientific discoveries. No discovery in science 
is made by an individual unaided by the enormous background of science in general. 
Then, too, patents may be granted when no real advance has been made and this will 
serve to hamper other men who do work in the same field. These suggestions were made 
not to answer the question, but to stimulate more public debate on the merits of patent- 
ing discoveries. G. H. W. 

Presentation of the Priestley medal to Dr. Charles L. Parsons. mere 76, En. 
(Sept. 28, 1932). G.H 

Dr. Oscar Rice receives annual A. C. S. Langmuir award. Sci. Am., i071 133 
(Sept., 1932).—The 1000-dollar prize given by Dr. A. C. Langmuir and awarded an- 
nually by the American Chemical Society has this year been presented to Dr. Oscar Rice 
of Harvard University. A short news note with photograph. G. H. W. 

Coal, color and constitution. H. E. Armstronc. Nature, 129, 787 (May 28, 
1932).—Prof. Henry E. Armstrong, the Nestor and iconoclast of English chemistry 
gave a lecture (May 20) at the Royal Institution with ‘‘Faraday at the Sign of the Hexa- 
gon’’ as his subject; though “Coal, Color and Constitution’? was the alleged theme. 
The lecture room was decorated with fabrics of every pattern and hue. The speaker 
discarded the ordinary symbols of the orthodox chemist ‘‘as people won’t take the 
trouble to understand them”’; so straight chains and ring compounds were replaced by 
the backbone of a mackerel and by a whiting with tail in his mouth; buttons on safety 
pins represented the unwieldy formulas of the dye chemist. All were used to illustrate 
the genealogy of benzene, that pallid infant of the sober Faraday; taken as mistress 
by Hofmann, with progeny the gentle Ani-line ‘‘and her numerous offspring, whose 
hectic and chromatic careers were vividly described.’ A ° ae 3 

Some aspects of stereochemistry. W.H. Mutts. Chem. & Ind., 51, 750-9 (Sept. 
9, 1932).—The presidential address delivered before the chemistry section of the British 
Association for the Advancement of Science. The work of Pasteur, Van’t Hoff, and LeBel 
provided a framework into which we have been able to fit practically all that we know 
concerning the stereochemistry of carbon compounds. Circularly polarized light may 
be used to obtain molecularly dissymmetric compounds in an optically active state with- 
out the use of other optically active substances. Circularly polarized light as it occurs 
in nature favors the formation of one of the two. optically active forms of substances 
found in living matter. In living matter every dissymmetric component is present in 
only one of its two antimeric configurations. The configurations of these components 
are so correlated that each dissymmetric molecule encounters only that form of its 
dissymmetric co-reactants with which it reacts the most rapidly. Living matter so 
constituted is much more efficient than a hypothetical form in which every dissymmetric 
component is present in equal amounts of both its antimeric forms. ‘‘The develop- 
ment of the organic kingdom from a single germ would provide a simple explanation 
of the configurational relationship which appears to exist between the optically active 
components of the most diverse forms of life, as is illustrated by the occurrence in 
nature of glucose in its dextro-rotatory form only.” E.R. W. 

The Denver meeting of the American Chemical Society. C. M.Knupson. Sci. 
Mo., 35, 379-83 (Oct., 1932).—At the 84th national meeting held in Denver, Colorado, 
from August 21-26, some 300 papers representing research in the various fields of chem- 
istry were presented. Among the more outstanding of these was a molecular model of 
monochlorbenzene by Professor Donald H. Andrews. The model was constructed of 
steel balls representing the atoms and steel springs depicting the forces between them, 
such that the vibration frequencies between the atoms were related to the vibration 
frequencies of the molecules themselves as determined by their Raman spectra. Evi- 
dence brought out in a symposium on the “‘Vitamin B Complex”’ indicated that this 
vitamin is not a simple substance but includes several factors, probably seven in all. 
Photographs of Professor Arthur B. Lamb, president-elect of the Society, and of Dr. 
Charles L. Parsons, recipient of the Priestley medal, are included in the report. : 
G. W. S. 
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An Elementary Study of Chemistry. 
WILLIAM McCPHERSON AND WILLIAM 
Epwarps HENDERSON of The Ohio 
State University, Columbus, Ohio. 
Revised edition. Ginn & Co., New 
York City, 1932. x + 729 pp. 312 
Figs. 18 X 19cm. $2.40. 


This text is a revision of the third 
edition published in 1927. The student 
of freshman chemistry who tries to com- 
pare the new edition with the old would 
probably be inclined to ask his instructor 
why he should not buy a second-hand 
copy of the 1927 edition with a blue cover 
rather than the 1932 model clothed 
in red and carrying a very attractive 
cover design. 

A careful survey of the text shows 
many changes. The chapter on ‘“‘Nitro- 
gen and the Rare Elements of the Atmos- 
phere’ is placed five chapters later in the 
text. The chapters on ‘Molecular 
Weights, Formulas,” ‘‘The Three States 
of Matter,’ “Carbon,” and ‘Valence’ 
have been reshuffled. Chlorine precedes 
sulfur in the new edition. Chapters on 
“Electrochemistry,”’ “The Ceramic In- 
dustries,”’ and “Some Metals of Recent 
Technical Importance’ have been in- 
serted. The chapter on ‘Ceramic In- 
dustries’” was formerly called ‘‘The 
Silicate Industries.’’ The subject matter 
is much the same. The exercises at the 
end of the chapters have been rewritten. 
The new edition contains three additional 
chapters and one hundred more pages. 

The authors are convinced that ‘‘the 
real test of the success of an elementary 
course in chemistry must be found in the 
extent to which the pupil has been trained 
to grasp the fundamental facts and 
theories of science and has learned to 
reason correctly in chemical relations.” 

The use of short paragraphs, many 
styles of type for emphasis, and a grade of 
paper which produces little glare by 
electric light, makes the book very read- 


able. There are some places where the 
revision of sentence structure for the 
sake of revision might well have been 
left undone, as the original style of writing 
was excellent. 

In this text 312 figures as compared 
with 2438 in the old edition indicate the 
present trend in the use of visual educa- 
tion. The pictures illustrating industrial 
processes are very good. 

There are few typographical errors, 
which is indicative of careful proof-read- 
ing. On page 608 the subscript 2 is 
dropped from SiO... The authors en- 
larged the index by three pages which is a 
step in the right direction. 

The rare earth elements are condensed 
to half a page. Illinium, of interest be- 
cause of its discovery in the United States, 
is not found in the index. 

Although the freshman student of 
chemistry may be able to perceive little 
difference in the two editions, the teacher 
of chemistry will appreciate the many 
corrections and additions the authors 
have made in bringing this excellent text 
up-to-date. 

A. L. ELDER 


SYRACUSE UNIVERSITY 
Syracuse, NEw YORK 


Marvels of Modern Chemistry. BEVERLY 
L. CLARKE, Ph.D., author of ‘The 
Romance of Reality.” Based on 
‘‘Everyman’s Chemistry’ by ELLwoop 
HenprRicK. Harper & Brothers, New 
York City, 1982. xv + 374pp. 7 Figs. 
31 Full-page photographs. 20.5 X 
14 cm. $3.00. 


The title of this book is somewhat mis- 
leading in that from it one might guess 
this to be another of the recent crop of 
glorified romances of chemistry. The 
reader will discover quite the contrary, 
however, long before he relaxes ‘“‘his 
concentration on entropy and hexagons 
and triple bonds and the innumerable 
other oddities of the world of things-as- 
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they-are’’ to read in the Epilogue, ‘I 
shall not delude myself that there have 
been no dull spots in this book. It is 
indeed inevitable that there should be 
such. The chemist cannot pretend that 
all of his science is interesting, any more 
than a nature-lover can seriously assert 
that all the world is seascapes and Alpine 
sunsets.... I have therefore conceived 
it as incumbent upon me, in attempting 
to acquaint you with the nature of chem- 
istry to include the dull spots along with 
the spectacular, making at the same time 
the concession of trying to extract from 
the former the maximum of interest they 
authentically contain. Any other pro- 
cedure would inculcate a false perspective, 
and would therefore be the part of in- 
sincerity.” 

While the book lists in some detail 
many of the physical and chemical 
properties of the elements, and contains 
much theoretical matter which is seldom 
included in a popular treatment, the 
manner of presentation is interesting 
enough to hold the serious-minded reader. 

The book is remarkably free from those 
misleading statements and scientific half- 
truths which crowd non-technical dis- 
cussions of a highly specialized science 
such as chemistry. In view of the recent 
work on transmutation of the elements, 
however, the following ‘‘proper definition” 
of an atom seems unfortunate. ‘An 
elemental atom cannot be changed, 
by any process under the control of man, 
to another kind of atom.” 

‘Marvels of Modern Chemistry” may 
be recommended to the layman who de- 
sires an introduction to the principles of 
chemistry together with a brief discussion 
of the outstanding industrial applications. 

Joun R. SAMPEY 


HOWARD COLLEGE 
BIRMINGHAM, ALABAMA 


The Teaching of High School Chemistry. 
(Formerly Teaching First-Year Chem- 
istry.) J. O. FRANK, Professor of 
Science Education and Head of the 
Chemistry Department, Wisconsin 
State Teachers’ College at Oshkosh. 





Fifth edition. J. O. Frank and Sons, 
Oshkosh, Wis., 1932. vi + 286 pp. 
14 X 21.6 cm. $3.00. 


In the introduction, the author states 
that “It is the purpose of this book to 
present material which will be of immedi- 
ate aid to those who are teaching first year 
chemistry and to offer an interpretation of 
such evidence as is available regarding 
many of the unsettled questions regarding 
instruction in chemistry. Less attention 
is given, in the fifth edition, to the teaching 
of college chemistry. It is believed, how- 
ever, that nearly everything in the book 
ought to be of interest and value to the 
teacher of first-year college chemistry. 
Since the teaching of qualitative analysis 
is becoming more and more a subject of 
thought for high school teachers, and since 
there is little or nothing regarding its 
teaching available, the writer feels justified 
in devoting several pages to this important 
subject, feeling sure that most teachers will 
be interested in information and sugges- 
tions that will contribute to better teach- 
ing in this field.’ 

An important feature of the book is the 
large number of references to original ar- 
ticles found in eight professional journals. 
The many references, under classified 
headings, to the JOURNAL OF CHEMICAL 
EpDucATION (to January, 1932) are espe- 
cially useful to the chemistry teacher. 

The history, criticisms, aims, and objec- 
tives of high-school chemsitry are dis- 
cussed in the first four chapters. The 
fifth chapter is devoted to an analysis of 
the scientific attitude and _ scientific 
method, the sixth and seventh chapters 
to the selection and organization of subject 
matter and high-school chemistry texts. 
Four chapters are given to teaching plans 
and methods both in the high school and 
junior college. Tests and measurements, 
references and illustrative materials, the li- 
brary, the laboratory, and preparation and 
advancement of the chemistry teacher 
are discussed in six chapters. The teach- 
ing of qualitative and quantitative analysis 
constitute the material of the two conclud- 
ing chapters (XVIII and XIX). 
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The author has conservative views re- 
garding class demonstrations vs. individual 
laboratory work. ‘‘As the results of some 
recent investigations, many teachers are 
examining laboratory experiments criti- 
cally with the view to substituting lecture- 
demonstration experiments for many of 
them. It seems advisable to go slowly in 
this matter and to wait until more evidence 
is obtained before deciding to eliminate 
good laboratory experiments in favor of the 
demonstration experiment.”’ This view is 
probably shared by many experienced 
teachers. 

Interest in the work of the second half- 
year may he sustained and increased by 
either the project method or by work in 
qualitative analysis. The reviewer cannot 
accept the latter part of the following 
statement of the author in reference to 
projects, viz., “The pupil must believe 
that his problem can be solved by him, 
and that his solution of it will be a real 
contribution to knowledge.’ To make 
real contributions to knowledge is difficult 
enough for the university student with his 
increased training and facilities. A great 
deal of very valuable project work can be 
done, however, in spite of this objection. 

The author’s views on the introduction 
of qualitative analysis into the high-school 
course will be challenged by many teachers 
on the ground that to teach this work 
properly one must make use of the related 
theories which are, for the most part, 
beyond the scope of the average high- 
school student. 

While the general plan of the previous 
edition has been largely retained, the book 
has been enlarged and made more attrac- 
tive by the use of larger type. The attrac- 
tiveness could be further enhanced by the 
use of a few photographs, diagrams, and 
tables and by the use of a better quality 
of paper. One defective page was ob- 
served and the word ‘‘Deeming” (p. 136) 
is misspelled. 

Of the very few books available in this 
field, the present volume appears to be 
most up-to-date and complete It con- 
tains a vast amount of material that will 
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be stimulating and useful both to the 
teacher in training and the teacher in 
service. 

A. J. CuRRIER 


THE PENNSYLVANIA STATE COLLEGE 
STATE COLLEGE, PENNSYLVANIA 


Laboratory Manual of Qualitative Analy- 
sis. Bruce E. Hartsucnu, Associate 
Professor of Chemistry, Michigan State 
College. John Wiley & Sons, Inc., 
New York City, 1932. v + 130 pp. 
21.5 X 27cm. $1.60. 


The purpose of the book is to publish a 
qualitative analysis in which theory is 
“hooked up” closer to the practice than 
in other previously published texts. 
While the title of the book states it to be a 
laboratory manual, the preface says it is 
not a laboratory manual or a cookbook but 
a study manual. The method of study is 
to investigate the reactions of each ion 
separately, then analyze a known mixture 
of all members of a group, and finally 
analyze mixtures of increasing complexity. 
The investigation of the reactions of an 
ion is carried out by following directions 
stating what reagents toadd. Then ques- 
tions concerning the reaction follow and 
blank spaces are left for answers to these. 
This limits the amount of writing to be 
done by students and to be read by the 
instructor. Some equations are written 
out for examples and spaces are left for 
others to be written by the student. 
Un-ionized substances are indicated by 
an overline and “‘insoluble”’ substances by 
a double overline. It seems to the re- 
viewer that this notation may be confusing 
to a student. 

The application of theory to practice is 
indicated throughout the text. Seven 
pages at the first of the book are devoted to 
theoretical matter alone. This includes a 
discussion of what is meant by dissolving 
(physical and chemical), a discussion of 
the methods of expressing concentrations, 
a discussion of ionization illustrated by 
both strong and weak electrolytes and a 
brief note that ions have a polarity of 
such value that those joined to make a 
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molecule exactly balance and render it 
neutral. Such principles as the common- 
ion effect, solubility product, and complex- 
ion formation, which are derived from the 
law of mass action, are referred to through- 
out the text but are not derived or ex- 
plained in it. Doubtless it is expected 
that the instructor will do this for the 
class. 

The scheme of analysis is the usual 
hydrogen sulfide separation, ammonium 
polysulfide being used to separate the di- 
visions of Group II. Also as usual the 
pages devoted to the anions are about one- 
half as numerous as those devoted to the 
cations. 

It is the opinion of the reviewer that 
close connection between theory and prac- 
tice has been attained and that the book 
will prove very useful in teaching qualita- 
tive analysis. Cari OtTTo 


UNIVERSITY OF MAINE 
Orono, MAINE 


Fundamentals of Physical Chemistry. 
Ear C. H. Davies, Professor of Physi- 
cal Chemistry, West Virginia Univer- 
sity. P. Blakiston’s Sons & Co., Inc., 
Philadelphia, 1932. vii + 370 pp. 78 
Illustrations. 14.5 X 21.5cem. $2.75. 


This book is intended for sophomores 
who have had general chemistry and whose 
training does not demand the mathemati- 
cal treatment given in the more advanced 
courses in physical chemistry, but whose 
interest in the sciences calls for some knowl- 
edge of the subject. This book treats 
mostly of the subjects taken up in the more 
advanced course, but in a more elementary 
and less mathematical fashion, however, 
nor hesitating to use mathematics when 
necessary. It attempts to give the stu- 
dent a view of the usefulness of physical 
chemistry, and a working knowledge of 
the subject through its description of 
methods and illustrations of apparatus. 
In an attempt to give the student a broad 
view, some material has been introduced 
which appears to be rather advanced for 
second-year chemistry, but most of the 
subject matter can be grasped by the 
serious student. A knowledge of organic 





chemistry would seem to be very desirable 
before considering such subjects as cata- 
lysts and proteins, and body catalysts. 

Hydrogen ions and the various methods 
for their determination are covered quite 
thoroughly. 

Chapters which are found unsuitable or 
too advanced can readily be omitted and 
still leave an abundance of material. 

The course as given by the author con- 
sists of two lectures and one three-hour 
laboratory period each week for one se- 
mester. Laboratory may be optional, in 
which case demonstrations should ac- 
company the lectures, and a number of 
these are included in the text. 

A list of suggested experiments is men- 
tioned briefly in the Appendix, so that by 
reference to the main portion of the text, 
they can be performed by the student 
without much help from the instructor. 
Seventy-nine tables are included to illus- 
trate laws and theories and supply data 
needed in calculations and problems. Ex- 
ercises and problems at the end of each 
chapter serve as a review and test of the 
student’s ability to reason. Numerous 
references to original articles are given, 
many of them to this year’s publication. 

Teachers who are giving courses in ele- 
mentary physical chemistry to students 
interested in the general sciences should 
find this book very helpful. 

D. C. LICHTENWALNER 


DREXEL INSTITUTE 
PHILADELPHIA, PENNA. 


Qualitative Organic Analysis. OLIVER 
Kam, Scientific Director, Parke, Davis 
& Co., formerly Assistant Professor of 
Chemistry, The University of Illinois. 
Second edition. John Wiley and Sons, 
Inc., New York City, 1932. ix + 311 
pp. 18 Figs. 15 KX 23 cm. $2.75. 


The second edition of Kamm’s ‘‘Quali- 
tative Organic Analysis” follows closely 
the plan of the first. The additions 
necessary to bring the work up-to-date 
have resulted in an expansion in size of 
approximately twenty per cent. 

The solubility behavior of organic 
compounds is first treated. A discussion 
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of classification reactions of organic 
compounds follows, and succeeding chap- 
ters deal with simple nitrogen and sulfur 
compounds, compounds with unlike sub- 
stituents, and the determination of 
physical constants. The next section of 
the book is devoted to experiments on the 
classification reactions. Here are included 
three experiments not described in the 
first edition. The new experiments are: 
the differentiation between primary, secon- 
dary and tertiary alcohols by the method 
of Lucas, the behavior of carbonyl and 
thiol compounds toward alkaline nitro- 
prusside, the differentiation of -—SH, 
C=S, and —S—S— groups by means of 
Grote’s reagent and the isocyanide re- 
action for the diagnosis of primary amines. 
The experiment dealing with the bisulfite 
reaction of aldehydes and methyl ketones, 
which is found in the earlier edition, has 
been omitted. This reaction is of doubt- 
ful utility in qualitative analytical work, 
and the experiment describing it is well 
omitted. 

The remaining chapters deal with the 
preparation of derivatives, quantitative 
analysis of substituent groups, and 
examination of mixtures. The balance 
of the book is devoted to a number of 
tables of compounds arranged in accord- 
ance with the author’s solubility table. 

The section of the book dealing with the 
preparation of derivatives has been ex- 
panded by nearly one-half. It is gratify- 
ing to find in one place an up-to-date 
compilation of the numerous useful 
methods of preparing from common 
substances derivatives which are suitable 
for characterization. This part of the 
book should prove very helpful to re- 
search students. 

The author has avoided carefully mak- 
ing his method too systematic. As a 
consequence, the student is afforded ample 
opportunity to exercise his ingenuity, and 
by accurate observation and thoughtful 
planning to formulate his own method of 
attack. 

This new edition of Kamm will be 
welcomed by those who have been using 
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the first edition, and it should make many 
new friends, for it is well written, and 
up-to-date. 
Print and paper are of good quality. 
NATHAN L. DRAKE 


UNIVERSITY OF MARYLAND 
COLLEGE PARK, MARYLAND 


The Free Energies of Some Organic 
Compounds. GEORGE SUTTON PARKS, 
Associate Professor, Stanford University, 
and HuGH MartTIN HuFrMan, Assistant 
Professor California Institute of Tech- 
nology. American Chemical Society 
Monograph, No. 60. The Chemical 
Catalog Co., 419 Fourth Avenue, New 
York City, 1932. 251 pp. 16 Figs. 
45 Tables. 15 X 23 cm. $4.50. 
This book presents all available free 

energy data for organic compounds and 

includes many measurements by the 
authors, previously unpublished. The 
unreliability of some present data and the 
complete lack of information on many 
important subjects are indicated. The 
first part of the book considers explana- 
tions, fundamental definitions, and con- 
stants. Hydrocarbons of various types 
(paraffin, unsaturated aliphatic, and cyc- 
lic), compounds of hydrogen, carbon, and 
oxygen (alcohols, phenols, acids, etc.), and 
substances containing nitrogen, halogen, 
or sulfur are discussed with as much detail 
as the data permit. There are separate 
chapters summarizing the relative free 
energy relations for hydrocarbons and 
oxygen compounds. The last two chap- 
ters contain a discussion of the effect of 
structure modification on entropy and 
free energy, and examples of the use of the 
values obtained on various reactions. 

A table of the free energies of the two 

hundred compounds considered is given 

and in the appendixes some points on 
numerical factors, notation, entropy, and 
its estimation below 90°K. are discussed. 

This is the first attempt to correlate and 
present the subject matter of this field. 

Most of the free energy values are obtained 

from specific heats and heats of combus- 

tion by using the Third Law of Thermo- 
dynamics. The authors and their col- 
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laborators have obtained about ninety per 
cent. of the specific heat data used. This 
enables them to discuss the accuracy of 
the final free energy values with especial 
authority and they are conservative in 
their estimation of accuracy. The litera- 
ture has been thoroughly covered and the 
references to original sources are quite 
complete. 

The book is especially vaiuable because 
of the general methods presented for the 
estimation of values where no experi- 
mental data exist. This permits the 
calculation of free energies for thousands 
of organic compounds with an accuracy 
sufficient for many purposes. The ex- 
amples given of such calculations are 
sufficiently detailed and numerous so that 
it is not difficult to do. 

The discussions of the relative stability 
of compounds and the application of free 
energy data to several reactions are some 
of the most interesting features of the 
work. Organic chemists in general should 
be helped by having so well sharpened a 
tool placed in their hands. 

This work is valuable to all interested 
in the reactions of organic compounds. 
It makes available all the present knowl- 
edge in this field in an exceedingly clear 
form. Several checks of the thermal data 
against equilibrium measurements give 
confidence in the Third Law as used by 
the authors. Reip T. MILNER 


BUREAU OF CHEMISTRY AND SOILS 
WasHINGTON, D. C. 


MISCELLANEOUS PUBLICATIONS 


Current Science. Indian Institute of 
Science, Hebbal P. O., Bangalore, India. 


Volume 1, Number 1 (pp. 1-22) of 
Current Science is on our desk. In general 
format and organization it closely re- 
sembles the English Nature. No doubt 
it will meet a definite need in the active 
and growing circle of Indian scientific men. 

On the basis of our examination of the 
first number we do not believe that the new 
publication will be indispensable to the 
average American teacher of chemistry, 
but probably no scientific library with 
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pretensions to completeness will care to be 
long without it. O.R. 


Education. U. S. Government Printing 
Office, Washington, D. C., 1932. 


In this pamphlet are listed the publica- 
tions (with prices) of the government on 
the subject of education. They are for 
sale by the Superintendent of Documents, 
Washington, D. C. 


Book of Chemical Labels. Printed by 
Robert A. Haag, 38 Murray St., New 
York City, 19382. 56 pp. 14.5 * 28 
cm. $1.00 each; special prices on lots 
of 100 or more. 


The titles of the chemical labels included 
in this book are those recommended by the 
Committee on Labels of the Division of 
Chemical Education of the American 
Chemical Society. [See J. CHEM. Epuc., 
9, 344-8 (Feb., 1932).] 


Composite List of Nontheatrical Film 
Sources. Bureau of Foreign and Do- 
mestic Commerce, Washington, D. C., 
1932. 


An extensive list of sources of commer- 
cial and trade-promotion films suitable 
for classroom use has just been issued by 
the Motion Picture Division of the Bureau 
of Foreign and Domestic Commerce, De- 
partment of Commerce, in a 17-page pam- 
phlet known as the ‘Composite List of 
Nontheatrical Film Sources,’”’ which gives 
the names and addresses of 524 concerns 
which have such films for distribution. 

A brief code is given listing the condi- 
tions under which each individual concern 
releases its films. As an example, it is in- 
dicated as to whether the films are available 
free of charge or otherwise, whether they 
are silent or sound, 16 or 35 millimeters 
in width and whether they are printed 
on inflammable or non-inflammable stock. 

Copies of the pamphlet may be secured 
for 10 cents each (stamps not acceptable) 
from the Motion Picture Division, Bureau 
of Foreign and Domestic Commerce, 
Washington, D. C., or from the Bureau’s 
District Offices. 
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Another experiment in second-year college 


chemistry. W. R. Carmopy (Ar)... 
Anschiitz. The eightieth birthday of 
Richard—. F. ReINpEt (Ab)...... 


Anthracene centenary (Ab)............. 
Anti-bump laboratory glassware (Ab)... . 
Antimony—See, The discovery of the ele- 
ments. II. M. E. Weeks (Ar).... 
Antiseptic treatment. Lister’s—. ‘“‘ 
classic of science’ (Ab) 
Apotheker-kalender. 1932 Illustrieter—. 
Re AMMOMERS MEDS 65 6:4-5- 0s were ata’ 40 8.62% 
Apparatus for _ electrical resistance 
measurements (B).. 
Apparatus for illustrating the arc method 
for the fixation of nitrogen, and also 
for the a of ozone. H. C. 


DoANE (Ar).. 
Apparatus for maximum or minimum  boil- 
ing-point study. An—. E. H. 


pe rer re eee 
Apparatus for removing glass stoppers 
from acid bottles. An—. E. R. 
ME Sia vos hank eile e ee eet 
Apparatus for the determination of carbon 
dioxide. A. HANAK (Ab) 
Apparatus for the determination of the vol- 
ume relationship in the synthesis of 
water vapor. H. PETZOLD AND R. 
CI OE Sos Soe cs haw b caw sis. 
Apparatus. An improvised 
Meyer—. I. Stone (Ab).......... 
Apparatus. Cooling—. J. HALLER (Ab) 
Apparatus for distillation of mercury. A 
simple—. M. KLerBer (Ab)...... 
Apparatus for the physics class. Home- 
made—. H. Hype 
Apparatus for the quantitative determina- 
tion of oxygen. Oxymeter, a new—. 
K. W. HETZEL, NE Oaks osc ke Kors 
Apparatus for use in high-school sciences. 
List of essential—. HoLy AND 
Ey Be WEI Ion og keen cw ene’ 
Apparatus rooms. A plan for pore 
of crowding in special—. B. 
IE GENES «aise GW Sig ad's eS 0 BU ha w8s <6 
Apparatus stand and truck. An adjust- 
able—. R.W.SHAw(Ab).......... 
Apparatus—See, A glass stopper puller. 
Wy ee REE CO oo 05 oo. ee ot be ne 


1932 


195 
1131 


1309 


967 
1843 
1835 

415 

589 
1305 
1660 

585 


1500 


1138 


1113 


1114 


149 
2131 


1998 
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2090 
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Apparent blunder led to new element dis- 
coveries (C 

Application of the motion picture to the 
problem of the rising cost of educa- 
tion. The—. B. A. AUGHINBAUGH 
(Ab).. 

Applications « ‘of photoelectric cellsi in chemi- 
cal engineering. SMITHELLS 


(Ab 
Applied analytical chemical research neces- 
oo promotional advertising. G. 
PEMD. 05 3. cra -s'0 sla erasele areata sha 
‘hipieambetione for grants-in-aid by the 
National Research Council (CN). 
Arabic mss. on alchemy, Note on the—in 
the Asafiyah Library, HyderrAbad 
(Deccan), India. H. E. STAPLETON 
YS Bille AE rrr eee rine eer 
Arfwedson. Johan Augusi—(P).......... 
Argon—See, The discovery of the elements. 
M. E. WEEKS (Ar ) 
Chemical—. i 


Arithmetic. 
MUI «lat hic es kb cis sese eo leia'a Sacele. ba 5's 
Arsenic—See, The discovery of the ele- 
ments. II. M. E. WEEKS......... 
Aspirator trap. i 
SS Pe eee ee rer ee 





Aspirin. Warning follows ae ned 

of bichloride tablets _— Paceae 
Assays. P: ein 
Assistantship, ilable at 





Georgia School of Tethucisar (CN).. 
Assistantships available for 1932-33 at 
Boston University College of Liberal 
Arts. Two graduate—(CN)........ 
Association for the Advancement of 
Science, The Muslim—(CN) 
Atom builder, The sun an—: anew theory. 
We: Ue; PRUNES: (BO). oi. oe s.euss 
Atom cores. Fourteen points govern 
building of —(CN)...............-- 
Atom. Photographing the birth of an—. 
pe eee oe 

Atomic and molecular structure models as 
a visual aid in the teaching of chem- 
istry. A. L. PoULEUR (i) ae 
Atomic models for organic chemistry. A 
new type of—.. J. B. ENTRIKIN (Ar). 
Atomic nuclei. The structure of the—. 
BE. Ruriesmromp (AB) ...... ccs 
Atomic weights by Theodore Lesnar = 


Richards. Investigations of—. 
SOO CAT saa sc aoces cate es ots 
Atomizer for —— tests. An—. J. 


pS TS ree ere 
ome. Cosmic rays break hearts of— 
Auer von Welsbach. Baron—(P)......... 
Australian plant products. Natural chemi- 
cal resources of—. Part II. R. 
MEINE 65 oo iin 9. 9 pve ex whee 
Auto of future to demand better lubri- 
Ss Ae ia ig 5a Veo pe ME ak 
Automatic alarm | use in gas absorp- 
tion. An—. . H. Vaucun (Ar). 
Automatic control fig vacuum apparatus. 
By OE CIID. o's ax. 90 aa e.c ie 
Automatic suction and dropping device. 
E. LOwenstetn (Ab). Vonacus 
Automatic valve for a siphon. An—. 
. WW, BORTEN CAS): vc sscevecy es ees 
Award at The University of Arkansas. 
Alpha Chi Sigma—(CN 
Award for outstanding scientific achieve- 
ments, Langmuir wins Popular 
foence Monthly $10,000 Annual— 
MT ic ve op Aree aed bie enti eRe 
Award to W. D. Coolidge. The Wash- 
SI HEE DER § «6-056 6d 4. vesis dM ad 0a 
Award. Pierre and Jenny receive the 
1931 Chilean _ of soda eke 
research—(CN).... ay 
Award. Young ~ eR “chemist _ gets 
Langmuir— 
Awards during 1931. 
nitions and—(CN) 


777 


161 
2002 


84 
953 


2140 
1755 


2069 
604 


1656 


778 
1635 


599 


783 
180 
373 
593 
1662 


301 
2081 
2135 


453 
161 
391 
1763 
429 
523 
528 
2132 
2131 
1831 
956 


770 
955 


177 
951 
584 
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Away with fancy frills and fads. R. R. 
TOMBE CO his sc concs ce was chde ces 


Bacon, Friar Roger, of the minor order. 
The — of the doctors according 
to—. vO. Waenomne (Ab)... ... ..'s 

Bailey pm. in analytical chemistry at 
The University of Kansas. The E. 
Be teas ote bens cues 

Baker lectureship in chemistry at Cornell 
expanded. Non-resident—(CN)..... 

Baker, The J. T.—Chemical Company 
fellowships in analytical chemistry, 
pe AS) ae ee ee eee 

Baking powders. An introductory story 
Of. Ol Sy EASE icc tn os veces 

Balances. * new air -drier +3 analyti- 
cal—. LOWENSTEIN (A 

Balancing eee equations Mey, 358, 
360, 361, 560, 751, 752, 753, 944, 1124, 
BEA vier Cae Met aaaae ore kaeetes 

Balard. Antoine Jér6me—(P)............ 

BRS: EGA cs ca cred ocd csc ction dae 

Banks. Sir Josephk—(P).... 22. sceceess 

Barium industry. The—. W. TRANTON 
GIs hic ao Gracin © wares woes Oi 

Barium—See, The ery of the ele- 
ments. X. M. E. Weeks (Ar). 

Base exchange Bg "softening in the 


Chicago district. G. BorRROWMAN 
Cea bass de chles ce vee sacks Manca 
Bases. The modern theory of acids and—. 


J. E. CAvetti (Ab) SRI, CARP ae 
Bases. The quantitative determination 
of hydroxyl groups in—. W. Barc- 
S| Ree are er or 
Basis of Einstein relativity theory still 
IO, oi. 555554 oss ceed eoeees 
Battery charger supplies current for nickel 
plating. Small—. R. H. Rocrers (Ab) 
Baumé, Antoine—(P)..........022.005- 
B-batteries as student projects. Mirrors 
and—. H. L. SLIcHENMYER (Ar)... 
Beaker holder. Improvised—. B. 
COE CRON acs ck deus catenue 
Beaumont. Louis Elie de—(P).......... 
Becher. Johann Joachim—(P)........ ae 
Beddoes. Dr. Thomas—(P)............. 
Beginnings of analytical chemistry. 
The—. F. A. Firsy (Ab).......... 
Belgium. Education in—(B)........... 
Bendien cancer test called unreliable (CN) 
Benzyl cellulose: a new British plastic 
HERR tarry: Cd ato eiaL eo Gal oi Gos gin ee ee a Tats 
Bergius. Friedrich—(P)........ceeeee0% 
Bergius, Bosch, and Warburg. Nobel 
chemistry and medicine awards tor 
FOE Gas cee cp otiswevrs eens 


Bergman. Torbern—(P).............+.- 
Berthelot. Pierre-Eugéne-Marcellin—(P). 
Berthollet. Claude Louis—(P)........ 637, 


Beryllium as a new industrial metal. J. 
RGM CREO ag 5. die. ects a,3:5 0c VEwie, eos 
Beryllium—See, The discovery of the ele- 
ments. XII. M. E. Weeks (Ar). 
Berzelius. Baroness—(P).............+- 
Berzelius. Jéns Jakob—(P) 
....-475, 484, 1610, 1614, 1760, 1763, 
Berzelius’ publications on catalysis. M. 
CI GIRS « 0-6. a.0 kc cn gap ee conve 
Bibliography of bibliographies on chemis- 
try and chemical technology. Second 
supplement, 1929-31. C. J. West 
AND D. D. BEROLZHEIMER (B)....... 
Bibliography of research studies in educa- 
a | errr eee 
Bibliography on aluminum from the 
JOURNAL OF CHEMICAL EDUCATION. 
Selected —(B) «6s. sree nance ses 
Bichloride tablets for aspirin. 
follows fatal mistake of—( 
Biennial survey of education in the United 
States, 1928-30 (B) Vol.1. Chap. III. 
Secondary education............... 
Vol. 1. Chap. IV. Industrial educa- 


2165 


2138 


956 
782 


970 
200 


1273 








2166 


Vol. 2. Chap. III. Statistics of city 
school systems, 1929-30 
Bimolecular reaction for the physical chem- 
istry laboratory. An experiment on 
gee Gy BR Pr EEK occ sew aess 
Biochemistry. Annual review of—. J. 
Be, SA IE CIB) 5 5 a.0's 50 6d ese ie 
Biochemistry. Introduction to agricul- 
tural—. R. A. DuTCHER AND D. E. 
8 Ree rere 
Biographical accounts on Edgar Fahs 
Smith, appearing since 1928 (Ar)..... 
Biographical material into science courses. 
plan for introducing—. 
UNE ins vidnsel esse avanen’s 
Biological and premedical students. 
Physical chemistry. An elementary 
text primarily for—. L. J. GmveEs- 
PINE case o 25s Sok h seed nee ree wen 
Biological chemistry. Some recent ad- 
vances in—. DutcHer (Ar). 
Biot. Gay-Lussac and—(P ) 
Bismuth—See, The discovery of the ele- 
ments. II. M. E. Weexs (Ar).... 
Bitter chemical, Inability to taste—is 
en E. . ORE eee 
Sey Bey res ror 
Black. Lavoisier, Priestley, and—. J. 
|) SE eR WAR Soirae yer 
Blasting without explosives: a new job for 


an dioxide. F. KNEELAND 
MPR hase ees s:cbaeen ta parses aules 
Blood test for cancer developed by Fuchs. 

ee, i, OR REIS DA ES ec sine a 
Blowpipe analysis. Notes on— N 

| Re Peer err eee 
Boilers. Faraday and marine—. ANON. 


Boiling-point study. An apparatus for 
maximum or minimum—. E. H. 
ge rere yer 

Boisbaudran. 

pe een | of A ee ee ee 

Bones with acids. a the early history of 
calcium acid phosphate and the de- 
composition of—. M.Sprter (Ab).. 

Book ability. B.A. Sours (Ar)........ 

Book bindings. A method for the preser- 
vation of—. J. P.Sanpers (Ab).... 

Book of chemical labels (B)............. 

Bookkeeping in lending articles from the 
laboratory storeroom. A system for 


eliminating—. C. W. Totren (Ar) 
GEN. FAME GOED io oidinicne 63.0550 0's 
Borodin. Alexander—(P)...........04.. 
Borodin, Alexander—: ~ and musi- 


cian. H. BERNHARD (C) 
Boron—See, The discovery of the ele- 


ments. XII. M.E. Weeks (Ar)... 
Borrowed processes (Ab)............... 
Pe eg SP a tg SC ere ey 


Bosch, and Warburg. Nobel chemistry 


and medicine awards for 1931 te- 


PROTEGE ocho cece ceeevesens 
Boston University College of Liberal Arts. 
Two graduate assistantships available 
for 1932-33 at—(CN) 
Boy Scout movement. 
Oe eb bacevh dee enennea ees 
Boye. Martin H.—(P) 
DG: MED co ic cdeceeseek obneve 
Boyle, and his influence on 
thought in the seventeenth century. 
J. 0, ORSON CAD) oo cesevcccsicace 
Boyle’s conception of element compared 
— that of Lavoisier. T. L. Davis 





Brauner. Bohuslavo—(P) Te ery 
Breaking the world’s radium monopoly. 
Ti ONE ORIN) 5 :0's 0.0.0.0 Oo 0.4.44 
Brewster. Sir David—(P).........ese00. 
Brief account of glue and its place in in- 
dustry. A—. 
Britain. Roman mining in—. ANon. (Ab) 
British Association holds symposium on 
evolution of universe (CN)......... 


2010 


513 
2007 


788 
665 


900 


196 


1365 
1391 


245 
221 


2140 


2133 


783 
583 


714 
19 


2138 
760 


1601 


1128 
1416 


1553 
1305 


179 


British Association centenary. Com- 
memorative service for the—(CN).. 
British Association for the Advancement 

of Science. Chemistry at the cen- 
tenary (1931) meeting of the—(B).. 
British chemical industry. A history of 
the—-. 68. MaUaze (CB). ..6-cccsscece 
British chemical industry in 1931. A re- 
view of the—. J. D. Pratt (Ab).. 
British report most ~~ form of vita- 
min D yet known (S).............. 
Broadcast supplement of The Nucleus— 
See, Chemistry of today (B)..... 92, 
Bromine—See, The discovery of the ele- 
ments. XVII. M. E. Weeks (Ar) 
Brown. -SAMGAHOP). a vvccccwsdenses: 
Brownian movement—See, Experiments 
in microscopy. E. W. BLANK (Ab).. 
Buffalo. The tutorial plan at—. H. W. 
os SR ee en a ee ene 
Building at The Phillips Exeter Academy. 
New science—. . SEGERBLOM (CN) 
Bulletin board. The chemistry—. R. E. 
DUNBAR AND E. WALKER (Ar)...... 
Bunsen. Robert Wilhelm—(P).1416, 1420, 
Bunsen burner. A Chinese prototype of 
the—. FE. CzaKé (Ab) 
Bunsen burner, Adaptation of the—to 
natural gas. G. R. ROBERTSON (Ar) 
Bureau. A chemistry teachers’ service—. 
pA x FRANK AND T. O. Jones (Ar)... 
Burgess receives Perkin Medal (CN)..... 


De EE ope OO «Tee meer er 
Burgess. George Kimball—. ANon (Ab). 
Burns. U. 


. X-ray standard lessens 
danger of —(CN 
nue. The consulting chemist and 


your—(B 
Bussy. pies Alexandre Brutus—(P).. 
Cadmium—See, The discovery of the ele- 

ments. X. M. E. Weeks (Ar).... 
Calcium. The detection of strontium in 

the presence of—. A. W. AVENS AND 
pT os | re 
Calcium in the — of strontium. 

Color detection of—. F. L. HAHN (Ab) 
Calcium—See, The discovery of the ele- 

ments. X. M. E. Weeks (Ar).... 
Calcium acid phosphate and the decom- 

position of bones with acids. On the 
early history of—. M. SpetTer (Ab) 
Calcium carbide. R. WuNpDERLICH (Ab) 
Calculating the proportions of various sub- 
stances of known composition to give 

a mixture of definite composition. 

A simple method for—. Vv 

po ere 
Calculations. Chemical—. J. S. Lone 

AND H. V. ANDERSON (B).......... 
Calculations. Industrial chemical—. 

A. HouGEN AND K. M. Watson (B).. 
Caldwell. G. C.—(P) ..serercscvcccensee 
California cities during 1930-31. Re- 

search projects of the secondary- 

school level carried on in—. . & 

Touton (Ab) 
Can the summer session extend its service 

beyond the teacher? (E)............ 
Canal rays. Lecture experiment for the 

demonstration of the energy of—. 

E. BADEREN (Ab) 
Cancer. Growth-controlling extract be- 

De: Se ee ere rrr 
Cancer. Possible hormone from spleen 

may control—(CN)............e0+: 
Cancer developed by Fuchs. New blood 

SUE GEE oak a tinue oe ccaaeweds cs 
Cancer of digestive tract. 

forerunners of—(S 
Cancer research. Some chemical aspects 

of—. E.McDonatp (Ar).......... 
Cancer research. Study suggests new line 

Pe ns ER Raa mis “verity es 
Cancer test called unreliable. Bendien— 

(CN) 
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Carbon black productien in the Monroe 
gas field. Eprr. Starr Report (Ab) 
Carbon pouooune in general chemistry. 
A. J. CUARK (Ar)... cc ccc eee eccenns 
Recent developments in acti- 
. M. ScHorretp (Ab)...... 
Carbon—See, The discovery of the ele- 
ments. I. M. E. Weexs (Ar)..... 
Carbon dioxide. R. B. Wares (Ab).... 
Carbon dioxide. Apparatus for the deter- 
mination of—. A. HANAK (Ab)..... 
Carbon dioxide. Blasting without explo- 
sives: a new job for—. F. H. KNEE- 
OSS Ee eee ene. eee 
Carbon dioxide. boom of solid to 
liquid or gaseous—(Ab) 
Carbon dioxide in laboratory technic. 
Solid—. D. H. Kitterrer (Ab).. 
Carbon monoxide. A simple set-up for 
making water gas, generator gas, 
and—. W. FLOrKE (Ab).......... 
Carbon monoxide in the presence of iron 
and iron oxides. Decomposition of—. 
BD. WIsOmmINre CAD)... ccs. cceevess 
Careers from leisure (S).............--: 
Caro, N., The sixtieth birthday of—(Ab) 
Carothers tells how new synthetic rubber 
was achieved (CN)..............6- 
Carpet industry. The place of chemistry 
inthe—. G.E. Hopxins (Ab)...... 
Carrot pigments, _ Ultra-violet light 
changes—into vitamin A. V. Cor- 
OSE POA ere eee 
Cartwright. M. Angela—(E)............ 
Casein as a basis for a plastics industry. 
i RNR Daves cv tat s.< shes owas 
Cashing a potentiality (E).............. 





Catalysis. P. K. Froricn (Ab)......... 
Catalysis. Berzelius’ publications on—. 
EIRENE, CAR 5.6. 66.0.5 6 one ween es 
Catalysis. Heterogeneous—. J. A. MitT- 
CT CE cunk Cows toed ues ve ees cue 
Catalysis. Quantitative experiments in 
1 y ch try. II. A meas- 
ure of—. R. D. BILLIncerR (Ar). 
Catalysis. Some aspects of—. J. ALEX- 
MOREE, cca occse vests ejice ces 


Catalyst in chemical reactions. Nickel 
as a—. P. SABATIER (Ab)......... 
Catalytic action of manganese dioxide on 
the decomposition of potassium chlo- 
rate and the measurement of the 
products of the reaction. An experi- 
ment to show the—. J. E. MACKEN- 
MM GRR as vies < 085.6 0%. Seis Sel eoweee 
Catalytic action of 
Bt, POO COR eda cc ees cs cuccess 
Catalytic decomposition of ethyl alcohol. 
The—. H. E. Morris (Ar) 
Catalytic preparation of acetone from 


acetic acid. The—. C. D. Kocna- 
i reer errs ee 
Catalytic reactions. Organic—. J. A 
po ES eee rer reer ee cee 


Cavendish. Henry—(1731-1810) (Ab)... 
Cavendish. Sir Henry—(P) 
Cell (1800). The discovery of the elec- 

tric—. G. Sarton (Ab 
Cellophane as a substitute for mica. W. 

Bes SENENOD CAD 6 ios 's cc sce ecceses 
Cellophane—See, Transparent wraps (Ab). 
Cells whirled at high speed. Microscope 

sees what happens to—(CN) 
— Benzyl—: a new British plastic 


Cellulose, Tiny balls of—seen as units of 
eee Tiers 
Cellulose fiber. Microscopy of the cot- 
ton—. R. N. Titus, C. ;: STaup, 


AND Harry LEB. Gray (Ar)........ 
CIN NGS cine. 3 no sbae whe ee Ceres 
Cellulose to lignin in wood, The relation 
of—. K. FREUDENBERG (Ar)....... 
Types, uses, and testing of re- 
W. R. Kerr (Ab)...... 


Cements. 
fractory—. 
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568 
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217 
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186 
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319 
114 
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1663 
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Census of graduate research students in 
chemistry, 1931. The eighth—. 
Hutt ann C. J. West (Ar)........-.. 

Centenaries in 1932. Scientific—. ANON. 

Centenary (1931) Meeting of the British 
Association for the Advancement of 
Science. Chemistry at the—(B).. 

Centennial anniversaries occur this year. 
Many—(CN) 

Central High School of Philadelphia, and 
the Franklin Institute of Pennsyl- 
vania. Notes on the early teaching of 
chemistry in the ig 4 of Penn- 
sylvania, the—. J. S. HepBuRN (Ar) 

Ceramics and chemistry. P. C. Krncs- 


ne a ee er reed ee 
Ceria—See, The discovery of the elements. 
XVI... M: B. Waens (As)... < ccec-: 


Cerium—See, The discovery of the ele- 
ments. XI. M. E. Weexs (Ar).. 
Certain problems of the machine age and 

their educational implications. H. S. 
PG CR vais ccecemtnocederess 
Cesium—See, The discovery of the ele- 
ments. XIII. M. E. Weexs (Ar).. 
Chania. Cy Ba —OP) sos nie co0%s s:0:6etis 721, 
Chandler and —- Medals. Conant 
Merged (CIs oe cccicccsiecevasitenss 
Change. Gene D. B. Briccs (B) 
Changing outlook in agriculture. The— 
Be Fs DO CAE ie cc ducse creams we 


Chaptal. Jean Antoine Claude—(P)...... 
Chaptal. Jean Antoine Claude—(1756— 
DOR: CAR a ceiiccicneans Ceeennee 
Chapter in historical chemistry. A—. 
E RE re 


Character education. Training teachers 
for—. H. NEUMANN (Ab) 
Charger supplies current for nickel plating. 
Small battery—. R.H.RocGeErs (Ab) 
Charles and Julia Henry Fund Scholar- 
ships for British and American stu- 
GR ails wine ceun ceseuesbaseKs 


Chart. An improved indicator—(Ab)... 

Chart. Temperature comparison—. T. 
Cy. PAE CBSE. cv icsnccnscdedietsanns 

Chart. Vitamin—. W. WESTON (Ab). 


Chart of the elements. A “living’”’ peri- 
odic—. H. H. FILiincer (Ar)..... 
Chaerer., Geakrern— GE) ons cccczcncesces 
Chaucer, Geoffrey—, and alchemy. F. 
WORE CGB pg ccvsccct esiuencensee 
Chemical age. Recent developments in 
a—. A. L. Fercuson (Ar)........ 
Chemical analysis by X-rays and its ap- 
plications. G. von Hevesy (B).. 
Chemical arithmetic. S. B. ARENSON (B) 
Chemical calculations. J. S. Lonc AND 
SV. AT OB). oc en cs cccnscs 
Chemical calculations. Industrial—. O. 
. HOUGEN AND K. M. Warson (B). 
Chemical change. D. B. Briccs (B).. 
Chemical constitution of wool and silk. 
C. E. Muttin AND H. L. HUNTER “~ 
B 


Chemical curiosity. A—. Ww. 
pS rer rere er 
Chemical development. Vast raw ma- 
terial resources await—. W. M 


Wha ccctd ens scuseweades 
Chemical education has part in American 
Vocational Association program (CN) 
Chemical education in America from the 
—e days to 1820. L. C. NEWELL 
“Eastern New York 
S., plans symposium 


Chemical education. 
section, A. C, 


CHEE c cave vee cengcstecccteces 
Chemical education in “America. History 
of—symposium ...............-. 667, 


Chemical education in America between 
the years 1820 and 1870. The his- 
tory of—. C, A. Browne (Ar)...... 

Chemical education in the United States 
from 1870 to 1914. The history of—. 
Th, BRR CRED. ow cc ecdcuesecccaucss 
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ates Education, American Chemical 
ciety. Decennial meeting, Divi- 
sion of—. J.N.Swan (Ar)......... 
Chemical Education, Division of—<See, 
Division of Chemical Education in 
this index. 
Chemical encyclopedia. C. T. Kinczetr 
Chemical engineering on the codperative 
plan at Northeastern University. C. 
P. BAKER AND W. C. Wuite (Ar).... 
Chemical engineering. Applications ’ of 
photoelectric cells in—. C. J. SmitH- 
MMNRMEND, © bral’ sic letets, «ow een hie 055.6 ates 
Chemical engineering. Developments 
in—. H. W. Cremer (Ab)........ 
Chemical engineering. Unit processes and 
principles of—. C. OLSEN (B)... 
Chemical engineers, Educating—in the 
southwest. O. M. SmitH (Ab)...... 
Chemical hazards in fire-fighting. L. K. 
po ES ee re ee rer 
eee errr eee 
Chemical label book. Titles for a—. 
COMMITTEE Report (Ar)........... 
Chemical research: a factor of prime im- 
portance in American industry. C. 
Fe TS 0) ee een mee 
Chemical Society (London)—See, Annual 
reports on the progress of chemistry, 
WOG1, Vel, avast CD). cc ci xeess 
Chemical study of hormones may lead to 
rg ec et 0 an ee a 
Chemie und chemische technologie tier- 
ischer Stoffe: ein Einfiihrung in die 


angewandte Zodchemie. G. Gras- 
WU sb at bi sites ag Rivinnate dee re en's 
Chemie in Jena von Rolfinck bis Knorr 
(1629-1921). Die—. F. CHeEMNI- 
NE Ces hd ig Soko ons wie arte e eee oe 


Chemische Analyse, Die—XXX Band. 
Rechenverfahren und Rechenhilfsmit- 
tel mit Anwendungen auf die ana- 
lytische Chemie. (W. BOtTGER, edi- 
for.) GD GeO CB)... cc cee ns 

Chemist and food. The—. L. H. Lam- 
OE NEE oS diterd sac td ook adtace aes 

Chemist at Oxford. A—. J. S. CnHam- 
ee ree ee 

Chemist to his love. 

remigtry a SO OE ee re ree 


Chiesa and we, dental profession. C. 
ee 
Chemistry and the quest for health. O. 
IT Ne at's 65 ace uwadoee s 
Chemistry as a vocation. A bit of voca- 
tional guidance for inquiring high- 
school pupils. F. B. WApgE (Ar).... 
Your start toward an industrial job in 
chemistry. H.W. RHODEHAMEL (Ar) 
Chemistry at Nebraska. F. W. Upson (Ab) 
Chemistry at the centenary (1931) meet- 
ing of the British Association for the 
Advancement of Science (B)........ 
Chemistry bulletin board. The—. R. E. 
DUNBAR AND FE. WALKER (Ar)...... 
Chemistry exhibit. A—. H. W. BAKER 
‘ Pe RR oe.” Seas a ee 
Ceaser in high school and university. 
. McP. tk | para aea ape 
Chemare 4d in the college curriculum of the 
premedical student. R.1I. Grapy (Ar) 
Chemistry in the service of man. A 
I ID 90s 5 Ss scars eect wes 
Chemistry of food and nutrition. H. C. 
SHERMAN (B) 


Chemistry of the saccharides. H. PRINGs- 
EE de ncaa a cee et tawe deren 
Chemistry of the stars. The—. W. K 


| Se eee 
Chemistry of today (B)............. 792, 
Chemistry teacher and service courses in 
the land-grant college. The—. R. 
PcG HEINE oii 0 var da's < olccenc vedios 
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Chemistry teachers’ service bureau. A—. 
FRANK AND T. O. JONEs (Ar)... 
Chemistry workbook and laboratory guide. 


8) V. McGILu ANpb G. M. BRADBURY 
ro ak arch cdsiean arhs aie aca aietears aie 
Chemistry. An elementary study of—. 
W. MCPHERSON AND W. E. HENDER- 
OE UNG nF so bc as wo Ree We 9 hms hal 
Chemistry. General—. L. B. RicHarp- 
SON SR rr i oked wetter ue ae 
Chemistry. General—. E. P. Scnocw 
AND W. A. FELSING (B)............. 
Chemistry. How to understand—. A. 
F. COORSS LD)... 6c cer idee esces caus 
Chee Industrial—. A. ROGERS 
RS ae Oo ae Ene ari Peso 
ene 1% Inorganic—. T. M. Lowry 
DON gabe Reigk sR CN 9 bd ERS Ee CO ve 
eee Outlines of theoretical—. 
F. H. GETMAN AND F. Danrets (B).. 


Chenin Principles of—. J. H. Htr- 
Se, SOs s 45 0a bar bcaces' 
Chemistry. Principles of—. J. H. Rog 
Se rhe eet eer ae 


Chemistry Teachers’ Club of New York. 
Joint meeting of the Physics Club of 
New York and the—(CN) 


Chemists. Need of a _ broader vision 
among—. J. Reap (Ab)........... 
Chemists. Statistical data concerning 


German—1925 (Ab)............... 
Chemists, Too many—? (Ab)........ 371, 
Chenevix. Richard—See, On the discovery 

of palladium. A.M. WHITE anp H. 

i. PREHMAN CBO) io 655 5550.00.04 kee 
Chevreul, Eugene—historian of chemistry. 

Wi DERI CAD ne oasis 5 laced msn 
tag science, The—: 


Chilean nitrate of soda nitrogen research 
award. Pierre and Jenny receive the 
RENE oo andcoensviarecper'ss 

Chinese ar of rest Bunsen burner. 
A— COAEO CAM) 6a cose cd eked 

Chinese to i oo | Sere ae 

Chloramine-T. An improved method of 
halogen-ion separation and detection 
by means of—. E. M. GERSTENZANG 
ID igi elas + Sa ala: sR eTR ET eave ace eS 

Chloramine-T method of halogen-ion de- 
tection. An improvement on the—. 
ee , eee eee 

Chlorine—See, The discovery of the ele- 
ments. XVII. M. E. Weeks (Ar) 

Chloroform. Samuel Guthrie, Jr. (1782- 
1848) in commemoration of the cen- 
tenary of the discovery of—. T. L. 
BE MIND 50 a 0s 4 05 ab ee edee << 

Choosing and using materials for chemical 
plant construction. W. S. CaLcottT 
AND Taos GCRIVE (AD)... 6 ccc eee 

Chrome alum. The preparation and pres- 
ervation of large crystals of—. L. 
pa ee 

Chromium coats improve U. S. rifles ba 

Chromium plating. The statusof—. W. 
NU e630 V0 s 8 oes e cb2 somes 

Chromium—See, The discovery of the ele- 
ments. V. M. E. Weeks (Ar).... 

Clamps for ring stands. Insulated—. 
ae eee 


Clarke. Frank Wigglesworth—(P)........ 
Class periods. The length of—. J. B. 
PRO CBI) rei: oun 0s xe os aisiniee sess s 


Class-size upon the efficiency of instruction. 
Effect of —. H. H. Smitu (Ab). 
Classes. Organization of freshman chem- 

istry—. O.M. Situ (Ar)......... 
Classics of science (Ab): 
Early steps in photography. (WeEpc- 
woop, HERSCHEL, AND EASTMAN)... . 
Errors in our food wane. (AT- 
MUN SO. 5.4 4.0 (0'S 01 4 at ree Mines 6 
From gas to liquid. (ANpREWws) eee ark 
Heat of the spectrum. (HERSCHEL).. 
Lister’s antiseptic treatment.......... 
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Magnetism from the electric current. 
(OERSTED)...-.- es eeeeerecceeeeeee 

Nitrogen and phosphorus ane, La- 
VOISIER, AND PRIESTLEY). . 


Predicting undiscovered “elements. 
(MENDELEEFPF)........---0+-e+000% 
Rocks tell how they are formed. 


(SORBY).. 2. ccccccecscceccsecees sees 
Some elements yielded by yttrium. 
(MARIGNAC AND CLEVE)........-...- 
The first morphine (SERTURNER)....... 
Three common elements in group IV... 
Classroom teachers. Administrative prac- 
tices affecting—(Ab)............... 
Class-size standards at the college level. 
py oe eee eer ae 
Cleaning platinum ware. A. SATTLER (Ab) 
Cleansing. Silicatesin—. ANon. (Ab).. 
Cleaveland. Parker—(Ab).............. 
Cleaveland. Parker—(F). See, opp. p. 
Be CY wooo sia’ 6 cc's basin 
Cleve. Per Theodor—(P).. .1761, 
Clubs. High-school—. R. 'S. ELtwoop 
CMU sere eee aca tansender dens 
Clubs. High-school science—. L. A. 
ASTELL AND C. W. OpELL (B)....... 
Clubs in the high school. Organization of 
science—. D. D. PETTIT a) See 
Coal. Germs had part in making—(CN) 
Coal. Present-day knowledge of—. H. 
A. Curtis (Ab).. 
Coal. The future dev elopment of—. 
We ae, Cuma CAD)... 5 cccccucece 
Coal. The production of oil from—. L. 
1D: SER MMMNCINIDE 3 0-6'6 6:6: 9.52: 03-0.0:6'- 4900.8 
Coal, color and _ constitution. H. E. 
ERIM: CIID 6 oa 0 0'6:5-8 4 0's a0 be acc 
Coal-tar distillation by hot gas at the coke 
oven plant. G. E. McCroskey (Ab) 
Cobalt—See, The discovery of the ele- 
ments. III. M. E. Weexs (Ar). 
Code system for dispensing qualitative 
analysis unknowns. A new—. 3 
OE) ie 2 cre rarer 
Coke oven plant. Coal-tar distillation by 
hot gas at the—. G. E. McCLosKey 


(Ab).. ehstnttes 
College and university ‘teaching. Hy. L. 
RRR EIEI Nasa. o: tera: 0-8 om. sub ee oe aias echt 
College and university teaching. ANON. 
College course in methods of teaching 
science. A—. V. GEGENHEIMER (Ar) 
College president. The American—. H. 
pM OS” eae ere 
College teaching by the American Associa- 
tion of University Professors. In- 
vestigation of—(CN)..............- 
Colloid chemistry. Some of the fallacies 
of—. T. L. Ketry (Ab 
Colloidal media. Physico-chemico proc- 
esses in—. E.S. Hepces (Ab)...... 
Colloidal solutions. Pectography and the 
constitution of—. E.S. HepGes (Ab) 
Colloids. Solubility problem of—. E. 
RL | eee re re 
Color detection of calcium in the presence 
of strontium. F. L. Hann (Ab).... 


Color in slide-making. The use of—. 
a Ve ES ee er eee 
Color and _ constitution. Coal,—. H 


E. ARMSTRONG (Ab)..............- 
Colorimeter especially designed for the 

colorimetric estimation of maganese 

by the periodate method. A new and 


simplified—. G. F. Smit anv V. R. 
SE LARD oa sic x cing vise s hes tees 
Colors. Explains peculiarity of sun- 
ES. Se eer 
Colors. New scientific council to stand- 
SI on on a meh xkaeuan 


Columbium—See, The discovery of the 
elements. VII. M. E. Weeks (Ar) 

Combustion in the marshes of southern 
Louisiana. Spontaneous—. 


Vriosca, Jr. (Ab) 
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Commemorative service for the British 
Association centenary (CN)......... 
Common things. The story of—. L. 
EHRENFELD (B).. 
Comparative cost of soaps as water 
softeners: a freshman experiment in 
chemistry. O. E. Lowman (Ar).... 
Comparative study of science education in 
Sweden and the United States. A—. 
EE. Fe. Tea ae CA ee a6 <0 5ine wav 
Comparator in the titration of aqueous 
extracts. Use of the hydrogen-ion—. 
| a ap es |) err er 
Comparison of chemical reactivity. H. 
POINTE, Vicia ncanreeceusecets 
Comparison of eight types of small frac- 
tionating columns from the viewpoint 
of usefulness in the student laboratory 
of organic chemistry. J. K. Srmons 
AND E. C. WAGNER (Ar)..........--. 
Compton. Arthur H.—(P)............-. 
——_ list of nontheatrical film sources 
B 


Conant. James Bryant—(P).. 
Conant awarded Chandler and Nichols 
SE Canc e Fiks rbicessh'scaweers 
Concentrated nitric acid by direct synthe- 
sis avoids absorption. G. FAUSER (Ab) 
Concerning the JouRNAL (E)........... 
Conduction. Faraday and the theory of 
electrolytic—. H. Hartiey (Ab)... 
Conduction. Michael Faraday and the 
theory of electrolytic—. H. Hart- 
CW CRD ci datomcscees atatodivnas 
Conductivity of electrolytes. A device for 
measuring the comparative—. 
PETERSON (Ar)..........-.--+.50-- 


Conservation of ignorance. The—(S)... 
Conservation of structural timber. 

The—. M. E. Situ (Ab)......... 
Constitution. Coal, color and—. H. E. 


Baan: CRI ac 6 60.6. 0556s craa sci 
Construction of a diagnostic test in the 
mechanics and related fundamentals 
of high-school chemistry. J. E. 
PEA Ca bdo caccenedtuk gees 
Consulting chemist and your business. 
The—(B) 
Contract plan. The use of visual aids in 
teaching general science by a—. 
Te Cy COA akg. «5:55 oecee so oto eae 
Contribution of high-school chemistry 
toward success in the college chemistry 
course. L. E. STeErNeR (Ar)......-. 
Contribution to the history of the linking 
of substance with property. E. FArR- 
WR AR cenndvinhc cs epeseeinase 
Convenient mercury measuring device. 
A—. L. V. Ciircorn ano W. S 
¥> eS errr re 
Convenient method for the crystallization 
of sugars and other organic sub- 
stances. A—. H. TAuBeR ANDI. S. 
Keepin CAS). occecscwwaws ccs 
Convenient method of applying liquid 
paraffin. A—. ScHaptro (Ab). 
Convenient method of cleaning pipets. 
A—. J.R. Lewis (Ab)............ 
Conversion of solid to liquid or gaseous 
carbon dioxide (Ab)............... 
Cooke. Josiah P.—(F). 
CE SA MIN oc a ta ecg buw ad waaeees 





Cooke. Josiah P.—(Ab)................ 

Coolidge. William David—(P) 

ar. The ~ ashington award to 
he - 7 ae er 

Cooling snasaien, J. HALLER (Ab)..... 

Cooling by evaporation. A demonstra- 
tion of—. S.S. HAUBEN (Ar)....... 

Cooper. Thomas—(P)............++.--- 


Coédperation in education of chemists. 
Industrial—. B. P. CALDWELL (Ar) 
Coéperative plan at Northeastern Uni- 


versity. Chemical engineering on 
the—. C. P. BaKER AND W. C. 
WINS CRIS sak cee cee ndee adsense 
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Coérdinated engineering education. H. 
et Se eae ese 
Coérdinates of certain point-groups. A 
graphical projection method of de- 
eae the—. McLACHLAN 
AND W. DAWG: CAR). ook on ccesvts 
Cotntinntion of school and college work. 
proposal for better-—. W. M. 
TS Re RS rrr re 
Copper can now be made hard. W. E. 
eS rere 
Copper ores cleared of sulfur by water (CN) 
Copper, An integrated project on—utiliz- 
ing visual aids in various forms. L. 
De I IE noc cas ode aw hem aca we 
Copper—See, The discovery of the ele- 
ments. I. M. E. Weeks (Ar).... 
Cornell College remodeled. Department 
of Chemistry at—. J. B. CuLBERT- 
te A eae rns aeat pane 
Cornell expanded. Non-resident Baker 
lectureship in chemistry at—(CN)... 
Cornell University. Summer courses in 
chemical microscopy at—(CN) 
Cornell on Baker lectureship. Professor 
Stock is visiting—(CN)............. 
Corner-stone records. Preservation of—. 
S. Bur. STANDARDS Norte (Ab). 


Corrode. Electric eg in long pipe 
Mees AS DOES) oi oes ck eden 
Corrosion looms large in sulfuric acid 
plants. J.J. HEALY, Jr. (Ab)....... 
Corrosion. JFetroleum pays increasing toll 
to—. RS “eee ae 
Corrosion boat paint. The relation be- 
tween—. W. H. J. VERNON AND 
ay Aa RM ININD 5a 60: 4)n6.0 sp asee 


Corrosion loss. Pulp and paper advance 
fight against—. J. D. MILLER (Ab). 
Corrosion problems. Different alloys 
needed to meet different—(S)...... 
Corrosion problems. Thin films in rela- 
tion to—. U. R. Evans (Ab) 
Corrosion—See, Dollars and cents—‘‘The 
operating cost of corrosion.” C. L 
DRAM EP My TIP ine i0)eren's. cin. 6 0b beg eens 
Corrosive action of hydrogen fluoride and 
its antidotes. The—. FREDEN- 
HAGEN AND M. WELLMANN (Ab)..... 
Cosmic rays again shown like radium 
ee ae 
Cosmic rays break hearts of atoms (CN).. 
Cosmic rays from depths of space leave 


WES AERORD (ST o's iow cov en's 08 ese 
Cosmic rays. Experiments with—. W. 
pe Ree a ee eee 
Cosmic rays. New artificial radiation re- 


SU OS) 5s 6'ss's 0-013. 5 b's Cina ews 
Cosmic rays, World-wide study of—begun 
oo EB ie SR BERS. 
Cost of education. The application of the 
motion oar to the problem of the 
rising—. A. AUGHINBAUGH Fer 
Cost of ie RP oad Tuition and—. * © 
a 2 ee a err eer 
Cost of scientific journals. The—(Ab)... 
Cotton stalks, a new source of rayon. 
P. A. Canwrowmamy CAB)... . 2 5 ws us 
Cotton cellulose fiber. Microscopy of 
the—. R. N. Titus, C. J. Staup, 
AND Harry LEB. Gray (Ar)........ 
IN sc ainsate sien. on.s ada aes 
Cotton hairs. Microscopy of—. H. Et- 
Be eee eee 
Cottrell precipitation—See, — 
in microscopy. E. W. BLANK (Ab). 
Couper centenary meeting (CN)......... 
Couper century meeting. ANON. ak 
Couper. Alexander Scott—. J. IR- 
IN ba dai aig to's gue ablere ae 
Course in general chemistry including an 
introduction to qualitative analysis. 
A—. W. C. Bray ann W. M. Lati- 
SE iin ok ee he ves eee eeaanveea 
Course in quantitative analysis. i 
S. Guy anp A. SKEEN (B)........ 
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Course of qualitative chemical analysis of 
inorganic substances. A—. O. F. 
OM MI 6 ovale pAibt i oe ees 

Course. Contribution of high-school 
chemistry toward success in the col- 
lege chemistry—. E. STEINER 
(AL). 6. ics cies cesses ctetscoseence 

Course in chemistry. Research in the 
onterpreaene curriculum of the—. 
eS ae 

Course in paso chemistry—See, Carbon 
compounds in general chemistry. A. 
WWMM OIE YS. 6 6 scare a loca Pome ale vrerators 

Course in methods of teaching science. 
A college—. V. GEGENHEIMER (Ar) 

Course in science. The aims of a col- 


Courses. A plan for introducing bio- 
graphical material into science—. 
Dy ae WOME GIA... 5-0 c ewldcie ceeds 
Courses at Pittsburgh. Summer—(CN) 
Courses in chemical microscopy at Cornell 
University. Summer—( ) 
Courses, The chemistry teacher and ser- 
vice—in the land-grant college. R. 





E. Kirk see (cans eumageRhety anwar 
Coyle. George L., S Jo (CN).. . 
Crell. D. Lorentz von—(P) Bd a a Sa bc Ta 


Crime clues bared by chemist’s magic. 

Hidden—. E. W. Trace (Ab) 
Crime detection laboratory. The scien- 

tific—. L. J. KAzmprer (Ab)...... 
Crime prevention through education (Ab) 
Criminal investigation. Forensic chemis- 

try and scientific—. A. Lucas (B).. 
Cronstedt, Axel Friedrich—(P).......... 
Crookes. Sir William—(P), (Ab). ..1427, 
Crowding in special apparatus rooms. A 


plan for prevention of—. H. B. 
MEINE LOR eS acos 5 Fa ceidsis'e o's bee oo 
Ceres p cml age mien made tools of— 
Crystallization. A small contribution to 
the history of—. E. O. von Lipp- 
| ERR ee eee er ree 


Crystallization of sugars and other organic 
substances. A convenient method 


for the—. H. TausBer anp I. S. 
Me IS ok 505 s5e-v 0:0.4.80 45.0 od 
Crystals. Preparation of rhombic sul- 
far—.. ©. Hi. Sromt (0)... .nccc ess 
Crystals. Some experiments with—. C. 
» 3 Eee re 


Crystals of chrome alum. The prepara- 
tion and preservation of large—. L 
pp er er ree 

Crystals, Magnetic properties of metal— 
changed by “‘dilution’’ (S) 

Cuprammonium rayon. Distinction be- 
tween viscose and—. J. BRENNAN 


Cupric bromide. The nen 


tions in a water solution of— ma 
WRRTUMGAD CAL). 66 6 hoc oedieccsn 
Curiosity. A chemical—. H W. 
2 ae Ear ae 
Crrvent Geet oi. 6.cnik seeds haves e's 


Current, magnetism from the electric— 
“A classic of science” (Ab).......... 
Curriculum of the course in chemistry. 
Research in the undergraduate—. 


pee a ees, eee 
Curriculum of the premedical student. 
hemistry in the college—. R. I. 
Re rer Wry rr Oe, 


Curves of ideal solutions of two volatile, 


consolute liquids. Vapor pressure- 
vapor composition—. H. S. van 
MIE CIID ya's, 6. ane wiolere oa satel 
Cyanides in industry. Alkali—ANon. 
ee . 

Da Vinci. Leonardo—(P).........ee00. 
Dana. James Freeman—(P)............ 
Dare progressive education be progres- 
sive? G.S. Counts (Ab).......... 
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Sir Humphry—(P).. 
Louis slie—(¥ 
Lecog—(P).. 


Davy. 
De Beaumont. 

De Boisbaudran. 
De Fourcroy. Antoine Francois- —(P) 470, 
De we Jean Charles Galissard— 


Louis Bernard Guyton—(P) 


. 1037, 1047, 
») 


De Ulloa. Don Antonio—(P)............ 
mehvay. J. Henri-—(P)...cesccvcccsevce 
Debus. Heinrich— RP Re pate ear oe 


Decade in chemical manufacture. Our 
greatest—. O. WiLson (Ab)....... 
Decay prevented for first time in history. 
Tooth—(CN 
Decennial meeting, "Division of “Chemical 
Education, American Chemical So- 
nee. J. IN. SWAN CAR) 66s cee cee 
Decimalization of United States weights 
and measures.  Jefferson’s efforts 
toward the—. C. D. Hetiman (Ab) 
Decomposition of carbon monoxide in the 
presence of iron and iron oxides. P. 
PRIMO IITTE CRED) 6.5 56-5 oo eiaic cisco soe 
Deepest oil well opens new fields two miles 
down. S. GLEASON (Ab)........... 
Degree. Requirements for the master’s—. 
COM EOWA as y5cdis spews ehed« 
Delafontaine. Marc—(P)...........++:- 
Demand for silver starts new rush in west. 
Ra de) ee eee ere 
Demarcay. Eugene Anatole—(P).......- 
Demonstration experiment on the diffusion 
of metals. A—. E. W. BLANK (Ar) 


Demonstration of artificial resins. The—. 
B. BAMBERGER (Ab)............ 
Demonstration of cooling by evaporation. 
A—. S. Havpnnw (Ar)...... 265.0 
Tc of Hqvessy gases. The— 


H. RuEINBOLDT (Ab)..........---- 
Demonstration of the Solvay-soda process 
in the classroom. The—. H. 
RHEINBOLDT AND L. BEUMELBURG 


Fixation of atmos- 
pheric nitrogen. H. L. Orsson (Ar) 

Demonstrations with a purpose. Lec- 
tere—. Huser. (Ab)... ccs ccccees 

Dental profession. Chemistry and the—. 
cio, corpeen CAR). gai. s Sk ces os 

Denver meeting of ae American Chemical 
Society. The — . M. Knupson (Ab) 

Denver meeting of oth A.C.S, —See, Divi- 
sion of Chemical Education, A. C.5., 
in this index. 

Department of Chemistry at Cornell Col- 
ac remodeled. J. B. CULBERTSON 


Demonstration, A—: 


Department frontiers. . 
| eee ee 
Designing materials with specific rheologi- 
cal properties. On—. E BING- 
MGM IGONEE! 55.5. 00k bs tk co ene dee ee * 
Detection of strontium in the presence of 
calcium. The—. W. AVENS AND 
By 3s MOURA CAR) . os 5 < 0'50 6 03 0:02 
Detergent. The value of silicate of soda 
asa—. J. D. Carter (Ab) 
Determination of manganese. , 
Wei Ce. SOA CAD). so ioac os seis eeciees 
Determination of the equivalent weight of 
p/m The—. V. E. REEF 
Lebrniinetinns of water in hydrated salts 
by means of the nickel-crucible radi- 
ator. The—. W. M. THORNTON, 
pe R. ROSEMAN, AND M. NEISHLOSS 
Siuterenfeine areas losses in piping sys- 
tems. {. J. REED AND L. H. Morri- 
Rr eee Per 
Development of scientific research in the 
South. The—. G. J. Fertic (Ab). 
Development. Vast raw material re- 
sources await chemical—. W. M. 
WEEE CB) nc vccwccccisecccsccacs 
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Developments in chemical engineering. 
H. W. CREMER (Ab).. 

Developments in the acetic acid industry. 
Mi; Gemowren (AG)... 6s icc cidcencs 

Developments in the chemical industry 
during 1931. G. P. Poxtuitr (Ab).. 

Device for measuring the comparative con- 
ductivity of electrolytes. A—. FE 
Ei. POM CARN. «0:5 :6:0:0:0.0:e seme ons 

Device for the simultaneous observation 
of melting-point and temperature. 
Boe Wire Wee CS sori oveless nw ccieie sions 

Dey for trapping offensive gases. A—. 


CWA CEUs ook ike ecneceses 
Device. Automatic suction and drop- 
ping—. E. LOWENSTEIN (Ab)...... 


Device for holding ultra-filtration mem- 
branes. A simple—. C. BREEDIS 
Deville. Charles and Henri Sainte-Claire— 
| pee eee 
Devising plant and process for simplified 
rayon manufacture. T.R.OLive (Ab) 


Dewey. Chestef@—(P) .. 60. cvcvccsecsces 
Dialyzer. A new extraction—. H. RAAB 
(Ab).. 


Diamonds found i in “American gravels (Ss) 
Diamonds made to order. ANON. (Ab). 
Didymia—See, The discovery of the ele- 
ments. XVI. M. E. Weeks (Ar).. 
Dietary facts and fads. W.C. Rose (Ab) 
Difference quotients and their application 
to certain types of empirical equa- 
tions in physical chemistry. T. DE 
Wien CRON de ooo ois cisions cacapgcees 
Different alloys needed to meet different 
corrosion problems (S)............+. 
Diffusion of metals. A demonstration 
experiment on the—. E. W. BLANK 
GO CRE re erg SAP Rar rere ee 


Diffusion of science. The—. Sympo- 
SCE | RS Re er eee pre 
Diphtheria prevention perfected with 
ROMMEL) oa ON ic 6c adbih ns Cee aces 


Directions for abstractors of the JOURNAL 
oF CHEMICAL EDUCATION........... 
Discoveries be patented, Should scientific 
—? E.L.Sevrincnaus (Ab)....... 
Directory, Educational—, 1932. Part IT. 
Institutions of higher education (B). . 


Discovery of the electric cell (1800). 
The—. G.SarRTON (Ab)........... 
Discovery of palladium. On the—. A. 


M. WHITE AND H. B. FRIEDMAN (Ar) 
Discovery of the elements. The—. M. 
E. WeEEKs (Ar). Foreword......... 
I. Elements known to the ancient 
world. 
II. Elements known to the alchemists 
III. Some eighteenth-century metals 
COIN Soc s 6h o 6's + eee eiwee 
IV. Three important gases.......... 
Pa ees 1122, 
V. Chromium, molybdenum, tungsten, 
ETE eS Seren 
VI. Tellurium and selenium......... 
VII. Columbium, tantalum, and va- 
GAM, F556 com tv ates ncsattadw ans 
VIII. The platinum metals.......... 
IX. Three alkali metals: 
sodium, and lithium............... 
X. The alkaline earth metals and mag- 
nesium and cadmium.............. 
XI. Some elements isolated with the 
aid of potassium and sodium: zir- 
conium, titanium, cerium, and 
CIES ci ecccca care dee varvae ees 
Correction (C)..... 
XII. Other elements isolated with the 
aid of potassium and sodium: — 
lium, boron, silicon, and aluminum. 
Correction WR obi sho ¢-edaxeam eae 
XIIT. Some spectroscopic studies.... 
Correction (Ar)....... 
XIV. The periodic system of the ele- 
WOES. co iccesctcavcviescgaweeese es 
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110 
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XV. Some _ elements predicted by 

MI Soad'n eas és0s0da'e okie wene’ 
XVI. Therare earth elements........ 
XVII. The halogen family........... 
pag ey See eee 


Aluminum statue of Charles M. Hall 


Paracelsus and the ‘discovery ‘of hydro- 
gen (C) 112 
Thallium DR iieacc es ena veeeaes 
MOOR bos. Sos kn Sea eee 
Discovery of the _ elements. , 
Vanadium. J. Srrauss (C)........ 
Disease. Sees beginning of new epoch in 
conquest of—(S) 
Disposing of ammonia liquor as a waste 


product. D. V. Moses anp B. H. 
| a ae ae 
Disregarding department frontiers. L. P. 
PRIN EIRIEN 6g oo 6 5s hiecs se Bsibia 6's 9 455% 


Distinction between viscose and ——- 
monium rayon. J. BRENNAN (Ab). 
Division of Chemical Education, A. C. S 
Decennial meeting—. J. N. Swan ia) 
Division of Chemical Education, A. C. $ 
Denver meeting 
Announcement, Preliminary.......... 
Program . 
Secretary’s report..... 
Division of Chemical Education, A. C. 
New Orleans meeting 
Announcements, Preliminary....... 379, 
pi Sore OED Ee aera ; 
NNN UIE ie 6. ign 5a base ove cease 
Division of History of Chemistry, Ameri- 





can Chemical Society. Historical 
sketch of the—. L. C. Newe tt (Ar) 
Débereiner. Johann Wolfgang—(P)...... 


Doctorates in chemistry and related fields 
conferred by American Universities, 
1930-31. Correction. C. J. WEst 
RNS TEES WO ook.s <-65s siolercc esis ines 

Doctorates in chemistry and related fields 
conferred by American universities, 
1931-32. C. J. West AND C. Hutt as) 

Does research Wits} disrespect? W. 
KEMMERER (Ab) 

Donnan equilibria and their application to 
chemical, physiological, and technical 
processes. The—. T.R. Bovam (B) 

Dollars and cents—‘‘The operating cost of 
corrosion.’’ C. L. MANTELL (Ab)... 

Double hydrogen atom, new —— stone 
of matter, is found (CN 

Double weight — pala proved by 


SRE ME Foo Snes Ws wie 8d teeice ns 
Draper. John W.—(P)........ cceceees 
Dreams and realities. L. H. BAEKELAND 


OT ERE PR ASR oe ere eee Oe ee a 
Drier for analytical balances. A new 
air—. E. LOWENSTEIN (Ab)........ 
Drills to decrease picture-memorizing in 
the study of graphicai chemistry. A 
report on—. H. P. Howetts (Ar).. 
Dropping device. Automatic suction and 
—. E. LOWENSTEIN (Ab).......... 
Drugs were dregs. When—(Ab)........ 
Dryer performance. Factors That influ- 
ence—. A. WEISSELBERG (Ab)..... 
Dumas. Jean Baptiste André—(P)....... 
Dye. The first synthetic—. E. L. 
MEINE, 6. onc k Vike eS se ancee > 
Dye industry searches for cheaper plant 
materials. H. MILLER (Ab) 
Dyeing. Modern processes in wool—. 
ee ES ge Re reer 
Dyestuffs. Interesting sources of na- 
Greil. -C. DD, Biett CAD). 0 60:e8 520 
Dynamite’s giant power makes impossible 
tasks easy. C. R. SLAwTER (Ab)... 
Dysprosia—See, The discovery of the ele- 
ments. XVI. M. E. Weeks (Ar).. 


E. H. S. Bailey prize in analytical chem- 
istry at The University of Kansas. 
The—(CN) 
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Early experiment of James Woodhouse up- 
on the synthetic production of am- 
monia. An—. C. A. BROowNnE (Ar). 

Early history of the first chemical reagent. 


e—. NIERENSTEIN (Ab)..... 
Early steps in photography. “A classic of 
WI FEMI hid eer ki ocean aes 


Eastern New York section, A. C. S., plans 


iS ee on chemical education 
MEAs bag aetia a Wecsie do 06-0 & vars 8 sae 
De ee 9 ER eee rere 
Economy Oe ET re 
Eddington tells scientists. Universe is ex- 

DRM TON 6 ys cok bis bares vice bi orkus coe 


Edgar Fahs Smith Memorial Collection, 
University of Pennsylvania. The—. 
B. BRMATRONG (AP). ..... ccc iss nse 
Edgar Fahs Smith Memorial Number (E) 
Edison, the greatest American of the cen- 
tery. HE. Luwwee (Ab). .....0006505. 
Editorial objectives (E)..........0.0000. 
Editorials (E): 
Anatomy of Logic (Pathological) ah aclantts 
Can the summer session extend its ser- 


Cashing a Potentiality. . 

Concerning the Journal. 
Economy in education........... . 
Hditorial objectives... ....0ccsccecces 
Bo gs ae EN eer caer eee ree 
PRPAL CRG VOUE BAEC oo ci6 di0-0 somes 0 ticles 
Laboratory notes and why............ 
OR TO SU ONE, 6.6.5. 5 00's 6:0:5 6.0015 
CO Ne IEEE oh ois0 divorce ead ae a5 
ARN. po 5.5. diss so: nse Saale: Savoie Bee wacans 
Research for L6EQCREOS:.. « «0/000 ssc asse 
Should the teacher be a recruiter for 





The historical approach............... 
The shade of Socrates.............000. 
The unemployed chemist............ 
Educating chemical engineers in 
southwest. O. M. Smitu (Ab)...... 
sa iin 5800.80 whe Sere doe aS 
Education and unemployment. 
MILLIKAN (Ab 
Education for commercial research. 
CUTIB CRE) ioc s nats. do.n 0 0 6i0'e 69-¥0 cee 
Education in Belgium (B) 
Education. Economy RMLs 5) 5acwis Kins 
Education. Ethics in higher—(S)...... 
Education. Federal relations to—(B). 
Part I. Committee findings and recom- 
III us fos sre os 8 04.00 So05 9 
Part II. 
Education. First things 
po a eer 
Education. Oregon 
NS Sin ss ath ocd ba aad 
Education. Pharmaceutical—. W. F. 
TION MEN Ss. ood. c-y vides w0uesk cus Wiese 
Education. Recent theses . see ee 
Education. The science of—. M. J. 
DEMIASHKEVICH (Ab).. tue te 
Education. Tuition and cost of—. G. 
A. BRAKELEY (Ab).. 
Education during 1931. American—(CN) 
Education of chemists. Industrial co- 
operationin—. B.P.Catpwett (Ar) 





Education, Bibliography of research 
studies in—: 1929-30 (B). 

Education, Biennial survey of—in the 
United States, 1928-30 (B). Vol. 1. 


Chap. III. Secondary education.... 
Vol. 1. Chap. IV. Industrial educa- 
Cs cad N bode. pia amet vodddseuss 
Vol. 2, Chap. III. Statistics of city 
school systems, 1929-30............ 
Educational directory, 1932. Part Il 


Institutions of higher education (B). . 
Educational implications. Certain prob- 
lems of the machine age and their—. 
Bis BROOE GADD io os dnc owe ne ck ees 
Educational publications. Record of cur- 
rent—(B) 
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July 1-Sept. 30, — 
Oct.—Dec., 1931.. ee eer 
Jan.—Mar., 1932.. ..........seeeeeee 

Educational section of the midwest re- 

gional meeting of the American Chemi- 
cal Society. Program for the—(CN). 

Educational tests and measurements an- 

nounced. Dr. ect Ss appointment 
as specialist | in—(C 

Effect of class-size apo, ‘the efficiency of 

instruction. . H. Smitu (Ab). 
Effect of sunlight ‘ae man. The—. 
J. H. Potts (Ab). <s 

Effects of different instructors ‘for recita- 
tion and laboratory in freshman chem- 
istry. F.E. BRowN AND R. R. Coons 


Bayption mint—See, Mansur Al-Kamily. 
E. J. Ho-myarp (Ab) 

Eighth census of ph an esearch stu- 
dents in chemistry, 1931. The—. 
C. Hutt Ann C. J. West (Ar).. 

Eightieth birthday of Richard Anschiitz. 

The—. F. REInpDEt (Ab).......... 

Einstein ea theory still stands. 
Basis of—(S).. 

Ekeberg. Anders Gustav—(P) . 

Electric cell (1800). The discovery of 
the—. G.SarTON (Ab). 

Electric current, Magnetism ‘from. the— 
“‘A classic of science’ (Ab).......... 

Electric currents in long pipe lines do not 
corrode (S).. : 

Electric furnace. “A ‘simple—. 
AND N. KRAMER (Ar). ere 

Electrical resistance measurements. Ap- 
paratus for—(B). np es 6 

Electricity in the laboratory. zg, ¢. 
WEAVER (Ar).. 

Electrochemistry. Principles and ‘prac- 
tice. C. J. BROCKMAN (B 


"J. Kisset 


Electrochemistry. Faraday’s gaara 
in—. A. MARSHALL (Ab). 
Electrochemistry. The metals | in—. i i 


KAHLENBERG (Ab).. 
Electrolytes. A device for ‘measuring the 
comparative conductivity of—. 

H. PETERSON (Ar).. 

Electrolytes. The teaching of ‘the theory 
of the dissociation of—. M. KIL- 
PATRICK, JR. (Ar). I. The applica- 
tion of the law of mass action to solu- 
tions of electrolytes.......... ...... 

III. The colorimetric method. 

Electrolytes. The teaching of the theory 
of the dissociation of—. II. The 
definition of pH. M. KILPATRICK, 
Jr. AND M.L. KiLpatrick (Ar).. 

Electrolytic conduction. Faraday and 
the theory of—. H. Hartvey (Ab). 

Electrolytic conduction. Michael Fara- 
day and the theory of—. H. Harrt- 
LEY (Ab).. 

Electron can still be regarded as ‘bullet (Ss) 

Electron moment. The romance and 
utility of the—. J. F. Hatter (Ab) 

Electron tubes. A new versatile produc- 
tion tool. W.R. KiNG (Ab). 

Electron rays, Measurement of—is im- 
proved (CN). 

Electronic theory ‘of " chemistry. 
applications of the—. R. F. 


’ Some 
HUNTER 
Electronic theory, Some applications of 

the—to valency. R.F. HuNTER (Ab) 
Electron’s speed and location knowable, 
but not where it is going (S)........ 
Electrons, Modern phy sics needs no—, 
says Swann (CN Sarak we tm as 
Electrons, Speeding— make large mole- 


cules form (S).. 
Elektrolyte. 
Element rhenium. The—. I. 

Noppack (Ab)... 
Element discoveries. 

led tonew—(CN).. 


HH. FALKENHAGEN (B). : k i i ; 
AND W. 


“Apparent blunder 
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260 
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606 
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161 
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Element 87. Third cin to enter 
race for missing—(C a 
Element 87 confirmed = Georgia scien- 
tists. Tests for new—-(CN). 
Element of a thousand uses. 
the—. A. VIEHOEVER (Ab). 
Element, Boyle’s conception of—com- 
pared with that of Lavoisier. T. L. 
Davis (Ab).. a 
Elementary chemistry. Quantitative ex- 
periments in—. II. A measure of 
catalysis. R. D. BILLINGER (Ar). 
Elementary chemistry, Adapting—to girls’ 
interests. A. LEVESCONTE (Ar) .. 
Elementary study of chemistry. fs 
McPHERSON AND W. E. HENDER- 
SON Casts Rita nda tecweawee 
Eiements of general chemistry. J. A. 
Basor, W. L. ESTABROOKE, AND A. 
LEHRMAN (B).. rere 
Elements of general ‘chemistry.  Labora- 
tory manual in—. Bapor, W. 
L. ESTABROOKE, AND A. LEHRMAN (B) 
Elements heavier than uranium, No chem- 
ical—, scientist concludes (CN). 
Elements. A “living’’ periodic chart. of 
the—. H. H. Fivvirncer (Ar). 
Elements. Predicting undiscovered—. 
“A classic of science’’ (Ab). ke Se 
The Discovery of the—. "M.E. 


‘Silicon, 


Elements. 
Weeks. See, Discovery of the ele- 
ments. The—, in this index. 


Elements, Three common—in group IV. 
“A classic of science’’ (Ab) 
Elements were found. How the last 
two—. H.A. Wess (Ab).......... 
Elements yielded by yttrium. Some—. 
“A classic of science’ (Ab 
Eleventh Congress of Industrial Chemistry 
held in Paris (CN). 
Elinvar—See, On time. "ANON. (Ab)... 
Emulsions. The pe o.. We: 
CLAYTON (Ab).. P - 946, 
Encyclopedia. Chemical—. “& T. Kinc- 
SEG CU ibs ek cad decane weaccumes 
Encyclopedia for the chemist, pharmacist, 
and a: Merck’s index, an— 


"Theodore 


). 
Endemann. Samuel " Herman 
Carl—(P 
Endless fight to water. 7. F. ‘Ger. DERS (Ab) 
Endurance of steel reduced by steam (S). 
Energies of some organic compounds. 
The free—. G.S. Parks anp H. M. 
FREE GODS oii sie once orcccectene ne 
Energy. Ostwald on chemical—. “A 
classic of science’ (Ab)............. 
Energy and power—See, Living in a world 
of science. M. MEISTER (B). 
Energy of canal rays. Lecture | experi- 
ment for the demonstration of the—. 
E. BADEREN (Ab). a? eae 
The future of—. Ee Ss. 


Engineering. 
Compton (Ab). eked 
Engineering education. *“Codrdinated—. 


Wy te MOAI GI cc cee riwacousoes 
Engineering, Ramsay Memorial Labora- 
tory of Chemical—, University of 
London (CN). ae. 
English impression of, American "general 
science. An—. F. W. Tu = (Ab) 
English schools. Science in— (Ab)...... 
Enzyme chemistry. Recent advances 
in—. The mechanism of peptide 
hydrolysis. A. K. Batis (Ab)...... 


Equations. Balancing chemical—(C), 
358, 360, 361, 560, 751, 752, 753, 944, 
1124, 1125.. 


Equations in phy: sical chemistry. Dif- 
ference quotients and their applica- 
tion to certain types of empirical—. 
T. De Vrigs (Ar)....... 

Equilibria, The Donnan—and their ap- 
plication to chemical, physiological, 
and technical open oe 
TRAM Gilieds sok tens ce auuw ee 
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2174 


Equilibrium experiment for an introduc- 
tory laboratory course in physical 
chemistry. An—. E. J. SHAW AND 
M. E. HypE (C)..........0:0-e000- 

Equilibrium experiment for an introduc- 
tory laboratory course in physical 
chemistry. An—. Method of ex- 
trapolating to zero concentration. 
C. V. Kine (C).. ‘ 

Equilibrium relations in a water solution of 
cupric bromide. The—. 2 jee: 3 
WHITEHEAD (Ar).. 

Equilibrium. Usable analogies in teach- 
ing fundamentals of chemical—. 

E. CaLpwe tt (Ar).. 

Equipment for the smail “Jaboratory. 
Glass-working—. C.B. DeWitt (Ar) 

Equipment for the student organic labora- 
tory. Smal! fractionating columns as 
standard—. E. C. WAGNER (Ar)... 

Equivalent weight of magnesium. The 

determination of the—. V. E. REEF 


(Ar).. 

Erbia- yee The ‘discovery of the elements 
XVI. M.E. Weeks (Ar). 1758, 1759, 

intemener: Emil, S.— 

Errors in our food economy. 
science” (Ab). 

Errors of the doctors according ‘to Friat 
Roger Bacon of the minor order. 
The—. M. Ci; WELBORN (Ab)...... 

Essays in organic chemistry. Model—. 

. D. Karvé Anp G. D. ApvaAnt (B) 

Ethics in higher education (S)........... 

Ethics. Natural—(S) 

Ethyl acetate, Saponification of —See An 
experiment on a bimolécular reaction 
for the physical chemistry laboratory. 
C. B. Hurp (Ar).. 

Ethyl alcohol. The catalytic decomposi- 
tion of—. H. E. Morris (Ar)...... 

European scientists study neutron. V. 
Corman (Ab).. 

Europia—See, The discovery of the ele- 
ments. XVI. M.E. Weeks (Ar).. 

Evaluation of sulfur suspensions used in 


“A classic of 


spraying. The—. M. WoopMAN 
oS RRA See erat airai aerate are ae 

wiles a A demonstration of cooling 
by—. . S. HAUBEN (Ar). 


Evolution . universe. British Association 
holds symposium on—(CN 
Examination of water, chemical and bac- 
teriological. W. P. Mason (B)..... 
Examination, U. S. civil-service—for as- 
sistant assayer (S)..........00+0.0 
ee in the ener of life. 


D. Younec (Ab) 
winethens and problems i in general chemis- 
try. Laboratory—. . HopxKINs 


AND H. A. NEVILLE (B). 
Exhibit available on manufacture of ‘port- 
land cement. M. A. Berns (C).. 
Exhibit. A chemistry—. H. W. BAKER 
AND L. I, PHAREs (Ar). . 

Exhibit material—See, Sources of. project 
material. H. W. HANSEN (Ar).. 
ee in laboratory technic. An—. 

J. Lone (Ar).. 

muinlaie in visual education ‘in “ele- 
mentary college chemistry. An—. B. 
S. Hopkins ano H. G. Dawson ‘> 

Experiment on a bimolecular reaction for 
the physical chemistry laboratory. 
An—. C. B. Hurp (Ar).. : 

Experiment to show the catalytic ‘action of 
manganese dioxide on the decomposi- 
tion of potassium chlorate and the 
measurement of the products of the 
reaction. An—. J. E. MACKENZIE 
(Ar).. 

Experiment with true- false tests. Aten 
pa Ea eee 

Experiment. Hydrogen from iron and 
water at room temperature and a 
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suggested lecture—. L. T. ALEXAN- 
DER AND H. G. Byers (Ar).......... 
Experiment based on the Freundlich sur- 
face activity equation. A _labora- 
tory—. G. W. Bennett (Ar) 
Experiment for an introductory labora- 
tory course in physical chemistry. 
An equilibrium—. E,. J. SHAW AND 
WES PE LOD 6 ak 9 Ses obec esacnds 
Experiment for an introductory laboratory 
course in physical chemistry. An 
equilibrium—. Method of extrapo- 
lating to zero concentration. C. V. 
Kine (C) 
Experiment for the demonstration of the 


energy of canal rays. Lecture—. 
BE. BADBREN (AD) .........0200s000e80s 
Experiment in chemistry. Comparative 


cost of soaps as Bg ad softeners: A 
freshman—. O. E. Lowman (Ar).. 
Experiment in TB -year college chem- 

ref Another—. W. R. CarmMopy 
Experiment of James Woodhouse upon the 
synthetic production of ammonia. 
Anearly—. C. A. Browne (Ar).. 
Experiment on the diffusion of metals. A 
demonstration—. E. W. BLANK (Ar) 
Experiment on the preparation of hydro- 
cyanic acid from methyl amine. Lec- 
ture—. H. Empge AnD T. Horne- 
MEN TAD) oss cc Soec ce ceeeecrsenss 
Experiment—See, A simple set-up for mak- 
ing water gas, generator gas, and car- 
bon monoxide. W. FLORKE (Ab).. 
Experimental use of units in physics. Re- 
port on the—-. A. W. Hurp (Ab)... 
Experiments for the demonstration of the 
radioactivity of polonium. F. Horr- 


MANN (Ab)......0-scseveccccsecess 
Experiments in allotropy. I. Arsenic 
and iron allotropes. E. W. BLANK 
WOME Wo cicie sips oa ca cinainiey eeiancy sae 
E xperiments i in microscopy. Demonstrat- 


ing Brownian movement and Cottrell 
precipitation. E. W. BLANK (Ab).. 
Experiments with cosmic rays. W. BoTtHE 
Experiments with gas for the home labora- 
tory. R. B. Wares (Ab).......... 
a with oxygen. R. B. WAILES 
Experiments with sulfur for your home 
laboratory. R.B.Wates (Ab)..... 
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Possible— (C 

Hormones may ined ‘to new medicines. 
Chemical study of — (S) 

Horsford. Eben N.—(P).. 

Hot-water funnel. A—. 
(AD)... pcpiasewsie's 

How the last two elements were - found. 
H. A. Wess (Ab) 

How the new physics has changed the 
viewpoint of chemistry. W. A. 
NoveEs, Jr. (Ab). A ee 

How to prepare a patent application. R. 
E. SapTLER (Ab 

How to understand scaegennred 
LINS (B). : 

Howard. Norman —(P).. 

Hubbard. Oliver P. —(P).. ee 

Humand bug. A.B. NICHOLAS (Ab).. Saket 

Hundred years of Liebig’s Annalen der 
Chemie. R.WILLSTATTER (Ab)...... 

Hung-Ching. T’ao—. T. L. Davis AND 
Lu-Cn’IAnc Wu (Ar).. Salis Pata 

Hutchinson. James—(P). ‘ 

Hydrated salts by means of the nickel-cru- 
cible radiator. The determination of 
water in—. W. M. THORNTON, Jr., 
R. ROSEMAN, AND M. NegIsHLoss (Ar) 


History of the cess university i in the 
B).. . 


'V. A. Toscant 


A. F. Cor- 


HCl resistance. Non-metals head list 
in—. S.L.Tyver(Ab)............ 
Hydrocyanic acid from methyl amine. 


Lecture experiment on the preparation 
of—. . EMDE AND T. HORNEMANN 
(Ab).. 

Hydrogen from iron and ‘water ati room 
temperature and a suggested lecture 
experiment. L. T. ALEXANDER AND 

H. G. Byers (Ar). . Salaligers tain eal 
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cute RR in industry. E. F. ARMSTRONG 

Hydrogen liquefaction plant ‘at the. Royal 
Society Mond Laboratory. P. Ka- 
PITZA AND J. D. Cockcrort (Ab)..... 

Hydrogen. Neutron may be brick in 
building heavy-weight— (CN).. ; 

Hydrogen. Paracelsus and the ¢ discovery 
of—. L. Dossrn (C).. 

M. E. Weeks (C).. 

Hydrogen in organic substances by the mi- 
cro-analytical method of Pregl. A 
modified eee tube for the de- 
termination of—. . J. Boyp Aanp 
W. Rosson (Ab).. 

Hydrogen, Oxygen, nitrogen ‘and—as con- 
stituents in metals. H. C. VACHER 

Hydrogen—See, The discovery of the ele- 
ments. IV. M.E.WeEekS(Ar)..... 

Hydrogen atom, Double—, new building 
stone of matter, is found (CN) 

Hydrogen atoms proved by new test. 
Double weight— (CN).. 

Hydrogen chloride in a gas reaction double 
sphere. The synthesis of—. P. 
RISCHBIETH (Ab). 

Hydrogen fluoride and its antidotes. The 
corrosive action of—. FREDEN- 
HAGEN AND M. WELLMANN (Ab)..... 

Hydrogenions. H.T.S. Britton (B).. 

Hydrogenation. Fat—. E.F. ARMSTRONG 


Hydrogenation. Progress in ‘petroleam—. 
ANON. ( 

Hydrogen-ion comparator in the titration 
of aqueous extracts. Use of the—. 
H. J. A-mgutst (Ar).. 

Hydrogen-ion concentrations ‘for instruc- 
tional purposes in high schools. The 
treatment of—. H. BAaRNsToRF (Ab). 

Hydrogen-ion work and accurate titrations 
which can be prepared in one minute. 
Neutral standard for—. R. J. Wi- 
LIAMS AND C. M. TyMAN (Ab).. 

Hydroxyl groups in bases. The quantita- 
tive determination of—. Bar- 
RMI FN ida dae cfc ees Vikt Grn ese oe 


Ice. Flakes of— (S).. 
Ice. Living organisms contain— (CN)... 
Ignorance. The conservation of—(S).. 


Illustrierter Apotheker-kalender. 1932—. 
F. FeRCHL (B).. 

Importance of chemical. developments in 
the textile industries during the indus- 
trial revolution. The—. J. H. Park 
AND E. GLOUBERMAN (Ar).. 

Improved indicator chart. An— (Ab).. 

Improved method of halogen-ion separa- 
tion and detection by means of chlora- 
mine-T. An—. GERSTEN- 
ZANG (Ar).. 

Improved method of ‘introducing the sam- 
ple into a Victor Meyer vaporization 
chamber. An—. A. Dietz (Ar).... 

Improved methods of water purification 
aid textile industry. D. R. WEEDON 
(Ab).. 

Improvement i in the Victor Meyer method. 
An—. A. R. Ronzio Anp K., A. Ga- 
Gos (Ar).. 

Improvement on the chloramine-T method 
of halogen-ion detection. An—. S. 
SussMAN (Ar).. nh BEE RS 

Improvised beaker holder. “Bs Coone (Ab) 

ve spot plates. L. P. MITCHELL 

Improvised Victor Meyer apparatus. 
An—. I.STonge (Ab)............... 

In defense of titres. W P. CorTELyou 


Inability to taste bitter chemical is heredi- 


tary (S).. ; 
Index. Rheology subject—. 'E. C. Binc- 
HAM (Ab)... ash tubers ie were 
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Index, Merck’s—, an encyclopedia for the 
chemist, aang and seen 
(B).. 

Indicator ‘chart. 

Indicators for volumetric analysis. 
W. H. Barrett (Ab). Be ac 

Indices of the qualities of a faculty. EE. 
HuMKE (Ab). ; 

Indium—See, The ‘discovery “of ‘the ‘ele- 
ments. XIII. M.E. Weeks (Ar).. 
Individualized science instruction in junior 

high. J.P. MCMURRAY [ore 

Individualized work in science. R. C. 
TREASHER (Ab).. digans 

Industrial chemical ‘calculations. oO. 
HOuGEN AND K. M. Warson (B). 

Industrial chemistry. A. ROGERS (B). 

Industrial compounds of fluorine. The—. 
G. M. Dyson (Ab). 

Industrial coéperation ‘in " education ’ of 
chemists. B.P. CALDWELL (Ar).. 
es stunts for the home chemists. 

B. WatvEs (Ab).. ieweeeeues 
sical or becomes— AS 
Levey (A ‘ “ tre 

Industrial seein Biennial ‘survey of 
education in the United States, 1928-— 
30. Chap. 1V.—(B).. F 

Industrial revolution. The ‘importance of 
chemical developments in the textile 
industries during the—. . H. PARK 
AND E. GLOUBERMAN (Ar).. 

Industrial Chemistry, Eleventh. Congress 
of—held in Paris (CN).. 


‘An improved— (Ab).. pes 
New—. 


Industry. A brief account of ‘glue and its 
placein—. H.B. Sweatt (Ar).. ? 
Industry. A history of the British chemi- 


cal—. S. MrAtt (B).. 

Industry. Chemical research: a a factor of 
prime importance in American-— 
M. A. STINE (Ar).. 


Industry. High- chromium | steels in ’ the 
chemical—. M. Becket (Ab). 
Industry. REE. and lime in—. M. 


F. GoupGE (Ab). 


Industry. Presidents ‘and medalists of the 
Society of Chemical—. ANon. (Ab).. 
Industry. Research in the nickel—. P. 


RISA URINE. 0's 5 -0-0.0 @9)6 Jerse eee 


Industry. The barium—. W. TRANTON 
Industry. Womenin—. M. E. PIDGEON 


Industry in 1931. A review of the British 
chemical—. J.D. PRATT (Ab)....... 

Industry during 1931. Developments in 
the chemical—. G. P. cca og 

Industry in 1931. The nitrogen—. E.B 
MAXTED (Ab). 

Industry, 1931. T he aliphatic solvents—. 
ANoNn. (Ab). 
Industry, The nitrogen—at | the ‘end ’ of 
the year 1931. B. WAESER (Ab). 
Inexpensive microscopic projector. An—. 
D. Maparis (Ab). . 

Inferior glass reclaimable ‘through heat 
treatment (CN).. 

a on Heidelberg Alumni desired 


Ingenious Dr. Franklin. ‘The—. 'N. GS. 
GoopMAN (B).. dicho lite Mhecad aloes 

Ink production. Printing—. Anon. (Ab) 

Inorganic chemistry. T.M. Lowry (B). 

Inorganic substances. A course of quali- 
tative chemical a of—. 3 
Towser (B).. 

Inorganic substances. “The ‘preparation of 
pure—. E.H. ARCHIBALD (B)....... 

Insanity believed related to jellying of 
brain proteins (S). 

Inserting glass tubing ‘into ‘tight- fitting 
rubber stoppers. V.N.PATWARDHAN 


Institute of Metals American meeting post- 
INS 5 uk you bn.0 Ge bs wwehine des 


198 
1664 
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1306 
1133 


605 
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Instruction. Effect of class-size upon the 
efficiency of—. J. H.H.Smitu (Ab). 
Instruction. Statistical data 1930 for 
chemical—. F. HOFMANN (Ab)...... 
Instruction in chemistry. The Reader’s 


an as an aid to—. A. J. HAMMER 
Instruction in glass blowing. Labora- 


tory—. R.A. Baker (Ar).......... 
Instruction in junior high. Individualized 
science—. P. McMurray (Ab)... 


Instruction plan material for science 
classes. Chemistry. M. MEISTER (Ab) 

Instructor. Status of the junior-college— 

Instructors for recitation and laboratory in 
freshman chemistry. Effects of differ- 
ent—. F. E. BRown aAnp R. 
Coons (Ar). ceaaaas 

Insulated clamps for ring ‘stands. G. Nap- 
LER (Ab).. 

Insulin revealed as new kind of ‘protein 


Integrated project on copper, utilizing vis- 
ual aids in various forms. An—. L. 
A. ASTELL (Ab).. 

Intelligent pupil. Teaching the more—. 
C. W. Bose (Ab).. 

Interesting source of iodine. 
ScHANTL (Ab). 

Interesting sources cof “natural ‘dyestuffs. 
C. D. Mett (Ab) 

International Congress ‘for Pure and “Ap- 
plied Chemistry. The Ninth— (CN) 

International Congress for Pure and Ap- 
plied Chemistry postponed. Madrid 
meeting of the Ninth— (CN 

International Union of Chemistry. U. Ss. 
delegates to— (CN). 

Introduction to agricultural biochemistry. 
R. A. DUTCHER AND D. E. HAvey (B). 

Introduction to a study of the réle of La- 
voisier in the history of chemistry. 
eS |) res eee 

Introduction to chemistry. An—. A 
pandemictext. J.A.TmmMM(B)...... 

Introduction to organic chemistry. An—. 
I. GARARD (B)...... 

Introduction to organic chemistry. 
A. Lowy AND B. Harrow (B).. 

Introduction to the history of science. 
Vol. II. From Rabbi ben Ezra to 
Roger Bacon. G.SARTON (B).. 

Introductory course in physical chemistry. 
An—. W. H. RopEeBusH AND E. K, 
RopDEBUSH (B).. 

Introductory general | chemistry. Ss ’R. 
BRINKLEY (B).. 

Introductory general chemistry. " Labora- 
tory manual to accompany—. H. G. 
DIETRICH AND E. B. KEtsgEy (B)..... 

Introductory story of baking powders. 
An—. O.S. RASK.. 

Invents tiny apparatus to regulate. radium 
treatment (CN). 

Investigation of college teaching ‘by the 
American Association of University 
Professors (CN). 

Investigation of the setting ‘of plaster of 
Paris. C.S. Grpson AND R. N. JOHN- 
son (Ab). 

Investigations of atomic weights by Theo- 
re William Richards. G.S. ForBEs 

Ar). 7 

lediax ‘An interesting. source rf ae E. 
ScHANTL (Ab). ‘ 

Iodine. Fortunes and ‘misfortunes in—. 
P. F.. Honermen CAB)... 2. ccecess 

Iodine—See, The discovery of the ele- 
ments. XVII. M.E. Weeks (Ar). 

Ionic explanation of the separation of the 
cations of the tin subgroup with the 
reagent sodium hydroxide. An—. 
W. D. WarRREN (C).. 

Iridium—See, The Discovery of the ele- 
ments. VIII. M.E. Weeks (Ar).. 


‘An—. E. 


an, 
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Iron miningin Utah. G. Martin (Ab)... 

ae Magnet has no attraction for hot— 

Oxygen content in—varies with tem- 
perature (S).. 

sce ten The discovery of the elements. 
BR: . E. Weeks (Ar).. A 

White—. D. H. F. 


Tron. 


Iron Pah hn Pg 
MAGER (Ab).. 

Isolation of vitamin B followed new line of 
research (CN). . 

a The adsorption—? s. Caspr 

Isotopes of lithium, sodium, and potassium. 
The—. K.T. BAINBRIDGE (Ab)..... 


J. T. Baker Chemical Company fellowships 
in analytical chemistry, 1931-32. 


ro ween (S| AE ee yee 
Jabir ibn Hayyan. Studies on—. P. 
Kraus (Ab).. Pe epee gi 
Jackson. Charles Thomas—(P).. RR eA Oo 


Janssen. Pierre Jules César—(P)........ 
Jefferson’s efforts toward the decimaliza- 
tion of United States weights and 
measures. C. D. HELLMAN (Ab)..... 
Jena, Die Chemie ae Rolfinck bis 
or (1629-1921). . CHEMNITIUS 
Jenny, Pierre and—receive the 1931 
Chilean nitrate of soda nitrogen re- 
SONPOM MWEIG COIN) 6c as icc iescese4 es 


Jewett. Frank Fanning—(P)....... 

John B. Stetson University. New chemi- 
cal society at— (CN). pu canes 

Johnson. Samuel William—(P). doa le wan KG 

Johnson. Walter R—(P).........20e00% 


Joint meeting of the Physics Club of New 
York and the Chemistry Teachers’ 
Club of New York (CN).. 

Joseph Priestley and his placei in the history 
of science. P.Hartoc (Ab).. 

JournaL. Concerning the—(E).. 

Journals. The cost of scientific— (Ab).. 

Joy. C. A.—CP) 

Jungfleisch. Emile-Clément— (P).. 

Junior-college instructor. Status of the— 
Di vactccmscite views anes . 


Kellogg elected secretary emeritus of Na- 
tional Research Council (CN).. ard 
An instructive chemistry "card 

ame. DD, BRoww (Ab)... .c0ss00 vas 

Kentucky. The niter caves of—. 
Maxson (Ar).. 

Kiliani. Heinrich—(P) . 

Kiliani. Heinrich—See, My acaen and work. 
H. Kivianti (Ar).. 


Kem: 


Kirchhoff. Gustav Roberi— (P).. ‘1418, 
Kirwan. Richard—(P).. 
Klaproth. Martin Heinrich— ().. 464, 
Klaus. Karl Karlovich—(P).. 
Kopp, Hermann—as a chemist. B. BEss- 
SNE BD 66. 65-65 viens Sod e0s betes é 
Kopp, Hermann—as an historian. E. O. 


VON LIpPpMANN (Ab) 
Knorr (1629-1921). Die Chemie in Jena 
von Rolfinck bis—. F. CHEMNITIUS 


RUUD ci cuere iy cise cw 2'5 ebralviosaiein 6. ee'wtele or 
Knowledge. Useless chemical—. W. M 
Dexn (Ar). 


Krypton—See, The discovery ‘of the ele- 
ments. XVIII. M. E. Weeks (Ar) 
Kunckel von Léwenstern. Johann—(P)... 


La Mer gives Priestley lectures at Pennsyl- 
vania State College (CN).. 
Label book. Titles for a chemical—, 


oe) er ere 
Labels. 
Laboratories. 
high-school—. 
L. O. Sout (Ar).. 
Laboratories of St. Andrew’s University. 
Fire “a este physical and chemical—. 


Book of chemical—(B)......... 
Necessity of fume hoods for 
R. E. DUNBAR AND 
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Laboratory exercises and problems in gen- 
eral chemistry. B. S. HopKINS AND 
H. A. NEVILLE (B).. 

Laboratory experiment. “based on’ the 
Freundlich surface activity equation. 
A—. G.W. BENNETT (Ar) 

Laboratory instruction in glass blowing. 
R. A. BAKER (Ar) 

Laboratory manual in elements of ag 
chemistry. J. A. BABor, W. Es- 
TABROOKE, AND A. LEHRMAN (By ee 

Laboratory manual of general chemistry. 
A—. L. B. RICHARDSON AND A. J. 
A yg ee) es a ae 

Laboratory manual of qualitative analysis. 
B. E. Hartsucu (B) 

Laboratory manual to accompany intro- 
ductory general chemistry. H. G. 
DIETRICH AND E. B. Ketsgy (B)..... 

Laboratory manual. Microchemical—. 
EE hie wa Slate eis aes 9 58 bake 

Laboratory notes and why (E) 

Laboratory. Aluminum utility exempli- 
fied in a modern research—. W. S. 
MCARDLE (Ar). . 

Laboratory. Electricity in the—. 
WEAVER (Ar).. 

Laboratory. Glass- working equipment ‘for 
thesmall—. C.B.DerWirrTrt (Ar)..... 

Laboratory. Student accuracy in the 
physical-chemical—. E. C. GILBERT 
AND G. C. WARE (Ar).. ; 

Laboratory at the University of Texas. 
The new chemical—. W. A. FELSING 


“BNC. 


Laboratory at University of Freiburg. 
New physical chemistry— (CN) 

Laboratory chemistry test, Persing—. 
FormsAand B. K. M. PEerstnc (B). 

Laboratory course in physical chemistry. 
An equilibrium Cony Hy for an in- 
troductory—. E.J.SHAw AND M. E. 
Hype ( 

Laboratory exercise. The making of ozone 
asa—. G.M.LisK(Ar).. 

Laboratory for chemical microscopy. VA 


small—. R.D.Coon (Ar).......... 
Laboratory guide. Chemistry workbook 
and—. M. V. McGtLut anp G. M. 


BRADBURY (B).. Oe 

Laboratory in freshman chemistry. Ee 
fects of different instructors for recita- 
tion and—. E. BROWN AND R. R. 
Coons (Ar).. 

Laboratory methods ‘compared. "Lecture- 
demonstration and individual—. 
F. Payne (Ar) I. Theliterature.. 

II. The distribution of time........... 
III. Experimental.. as 

Laboratory of chemical ‘microscopy ‘at the 
Polytechnic Institute of eins 
New—(CN).. ere 

Laboratory of organic “chemistry. * Com- 
parison of eight types of small frac- 
tionating columns from the viewpoint 
of usefulness in the student—. K. 
Simons AND E. C. WAGNER (Ar).. 

Laboratory precautions against fire. 
elementary— (S ).. 

Laboratory preparations for the course in 
organic chemistry. New—. a. 
Dibutyl ether from butanol-1. G.R. 


Some 


AND M. T. YOHE (Ar). ; 

Laboratory sections in general chemistry. 
Unifying lecture, puis and—. .G. 
Town (Ar).. 

Laboratory storeroom. A ‘system for 


eliminating bookkeeping in lending ar- 
ticles from the—. C. W.TotTTEN (Ar) 
Lay technic. An experiment in—. 
H. J. Lone (Ar).. 
Laboratory ae. Solid carbon ‘dioxide 
in—. H. KILLerrer (Ab) 
Laboratory practice, General chemistry—: 
>, Uae exercises. G. N. QUAM 
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Lactose: its properties and uses. D. M. 
Corrott (Ab).. 

Lamp with flexible support. ‘Ring : stand 
and table— (Ab).. : 

Lamy. Claude Auguste—(P).. Sait aaa bales 

Langmuir wins Popular Science Monthly 
$10,000 Annual Award for oe 
scientific achievements (C 

Langmuir. Irving— i.. 

Langmuir award. Dr. Oscar Rice receives 
annual A. C. S.— (Ab 

Langmuir award. Young ae chem- 
ist gets— (CN).. 

Lanthana—See, T he discovery ‘of the ele- 
ments. XVI. M.E. Weeks (Ar).. 
Law does not forbid aoegean of radioac- 

tive substances (S).. ae 
Law of patents for chemists. The—. of 
RossMAN (B).. ate 


Lavoisier. Antoine Laurent— (P).. 
oats 232, 233, 637, 
Lavoisier. Boyle’ S "conception of element 
compared with that of—. T. L. Da- 
vis (Ab). 


Lavoisier, A newly discovered note ‘by— 
from October 20, 1772. M. SPETER 
TRB) cess 

Lavoisier, Introduction to a a study ‘of the 
réle of—in the history of chemistry. 
Fi BAMPSGBR: CAND « 8.5 5 sae sce s vwe ws 

Lavoisier, Priestley, and Black. J. Bri 
NR Netra d eet te selec ele dx eiciy as 

Lavoisier, The réle of—in the history of the 
sciences. A. Mrgeit (Ab)........... 

Lavoisier—See, A chapter in historical 
chemistry. E. F. Smirm (Ar)....... 

Lavoisier’s three notes on combustion: 
1772. A.N.MEtpRUM (Ab)........ 

Lead—See, The discovery of the elements. 
I. M:E. Weeks (Ar).. ; 

Lead dioxide. T 7 quantitative ‘decompo- 
sition of —. . WINTERHALDER (Ab). 

“a Gowees Louis Comte de Buffon— 
‘J Eee ‘ 


Learning processes ‘at ‘the “higher levels. 
es psychology of the—. C.H. Jupp 
Ab).. 


Lecture demonstrations with a ‘purpose. 
Epit. (Ab)... 

Lecture experiment ‘for the demonstration 
of the energy of canal rays. E. Ba- 
DEREN (Ab). 

Lecture experiment o on n the preparation of 
hydrocyanic acid from methyl amine. 
H. EMpE AND T. HORNEMANN (Ab)... 

Lecture experiment. Hydrogen from iron 
and water at room temperature and a 
ig ge ee L. T. ALEXANDER AND 

H. G. Byers (Ar). . 
icing of Loyola. Chemists’ Club 


Lecture, quiz, and laboratory ‘sections i in 
general chemistry. Unifying—. G. 
G. Town (Ar).. 

Lecture-demonstration and individual Tab 
oratory methods compared. V. 
Payne (Ar)I. Theliterature........ 

II. The distribution of time........... 
III. Experimental. . 

Leisure. Careers from—(S).. 

Lémery. Nicolas—(P).. 

Length of class periods. 
Paut (Ab). ars SEP ae a 

Leonardo da Vinci (P). Wainiaaeetah te vec Rite 

Leveling vessel for producing constant 
pressure in gas analytical investiga- 
tions. A new—. W. HERBERT AND 
W. WaHLIG (Ab).... 

Libau, Von—bis Liebig: 
und -Laboratorien. F. FERCHL (B).. 

Libraries in Illinois. High-school—. A. 

_ , W. CLEVENGER AND C. W. OpELt (B). 

Liebig. Justus von—(P).. 

Liebig, Von Libau bis—: 
und -Laboratorien. 


“the ‘jy. B. 
‘Chemikerképfe 


Chemikerképfe 
F. FerRcuHt (B).. 
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Liebig’s Annalen der Chemie. Hundred 
yearsof—. R. WILLSTATTER (Ab)... 

Life and work of Otto Wallach. The—. 
L. RuzicKA (Ab).. 

Life. Examinationsin the university 0 ‘of—. 
O. D. Younc (Ab).. eo 

Lightning adds fertility to earth (CN). oe 

Lignin in wood. The relation res cellulose 
to—. K.FREUDENBERG (Ar) . 

Lime contributes to southwestern develop- 
ment. S. P. ARMSBY (Ab)..........- 

Limestone and lime in industry. 
GounGE (Ab).. ied 

Liquid. From gas to, 
science’ (Ab).. ebne 

List of essential apparatus for use in high- 
school sciences. T. Hoty anv D. 
H. Sutton (B).. 

Lister’s antiseptic treatment. 
of science’ (Ab 

Lists eight forerunners of cancer ‘of if diges- 
tive tract (S).. 

Literate researchers. (S).. 

Lithium—See, The discovery of the “ele- 
ments. IX. M. E. Weeks (Ar).. 
Lithium, sodium, and potassium. The iso- 

topes of—. K.T. BAINBRIDGE (Ab). 

Liver enzyme makes vitamin A from caro- 
tene (S).. 

Living ina world of. science. 
air; Energy and power; 
health. M. MEISTER (B). “s 

Living organisms as chemical reagents. A. 
T. FEMALE CAG coc c0css calcein ease 

Living organisms containice (CN).. 

“Living”’ periodic chart of the elements. 
A-—. H.H. Fmvincer (Ar)......... 

Lockyer. Sir Joseph Norman—(P)....... 

Logic. , The anatomy of—(pathological) = 

Logwood industry. Historical sketch of— 
Anon. (Ab).. ‘ 

London. Science in the city Be 
SmitTH (Ab).. ae ase 

Looking forward in sulfur. mining. i H. 
PoLLaArRD (Ab).. one 

Louisiana becomes ~ ;: oo 
Levey (Ab).. 

Loyola Chemists’ Club. 

CN).. 


“aA lassie’ of 


“«K classic 


"Water “and 
Heat and 


‘industrial. 


"Lecture program 


of — ( 
Léwig. Carl— (P).. 
Lubricants. Auto of future ‘to demand 


better— (S).. 
Lutecia—See, The ‘discovery “of the ele- 
ments. XVI. M.E. Weeks (Ar).. 


Ma’al-Waragd. Report on the—. H. E. 
STAPLETON AND H. HusAINn (Ab)..... 
Machine age and their educational impli- 
cations. Certain os of the—. 
H.S. Moore (Ab).. vs P ie 
Madetms . Teh Wi voice vcccetesacawis 
Macneven. William— Aa ohn iaceanee 
Madison. James—(P 
Madrid meeting of the Ariat Ynternational 
Congress for Pure and mete capey Chem- 
istry postponed (CN).. 
Magnesium. The determination of the 
equivalent weight of—. V. E. REEF 
Magnesium—See, The discovery of the ele- 
ments. X. M.E. WEEKS (Ar)...... 
Magnet has no attraction for hot iron (S). 
Magnetic properties of metal crystals 
changed by “dilution” (S).. aa 
Magnetism from the electric current. “A 
classic of science’ (Ab vex Cibo 
Magnus. Albertus—(P).. 
Magnus, Albertus—as chemist. 
ETH (Ab). . 
Magnus, Albertus—: ‘His scientific views. 
T. GREENWOOD (Ab).. 4 


KF. sass 


Magnus. Gustav—(P).. 
Making a chemical harmonica. R. ‘B. 
Wares (Ab).. 


Making of ozone as a laboratory © exercise. 
The—. G. M. Lisk (Ar).. 
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Mallet. J.W.—(P).. Pene% 
Mandragora. The—.  Eprr. (Ab).. SERENE 
Manganese. The determination of—. 

G. Harry (Ab). . ae 

Manganese by the periodate ‘method. A 
new and simplified colorimeter espe- 
cially designed for the colorimetric es- 
timation of—. G. F. Smita aAnp V. 
R. SULLIVAN (Ar). 

Manganese dioxide, an experiment to show 
the catalytic action of—on the de- 
composition of potassium chlorate and 
the measurement of the products of 
the reaction. J. E. MACKENZIE 
RR 5 4 wi caus teers ein ates ie ere aes 

Manganese—See, The discovery of the ele- 
ments. III. M.E. Weeks (Ar).... 

Manometer. A sensitive direct-reading 
mercury—. H. W. MELVILLE, Jr. 
oS) DSRS Ra ers OF pene We Be apa ae 

Manometer for the organo-chemical labo- 
ratory. A handy—. M. Q. Doja 


(Ar 
Mansur Al-Kamily. E. J. Ho-myarp (Ab) 
Manufacture of rolled plate. E. Lutz (Ab) 
Manufacture of sulfuric acid. The—. ‘ 
SE Cra are corey 
Manufacture. Our greatest decade in 


chemical—. O.Wu1tLsoNn (Ab)....... : 
Many centennial anniversaries occur this 
NN SEED Gas 9 <.<u! eas, cle xen aS aslo 6: « 


Marcet. Alexander—(P)............... 
Marggraf. Andreas Sigismund— (P).. 
Marignac. Jean Charles Galissard de— (P) 
Marvels of modern chemistry. B. * 
en Ieee a 
Master’s degree. Requirements for the—. 
MUM MARES CERIN) «0 s'0r0 bio bh:4 016 veo vi a'ee 
Material for science classes, Instruction 
plan—. Chemistry. M. MEISTER (Ab) 
Materials. Dye industry searches for 
cheaper plant—. H. MILvErR (Ab).. 
Materials. Modern—(Ab)............. 
Materials for chemical plant construction. 
Choosing and using—. “9 S. CaL- 
CoTT AND T. R. OLIvE (Ab)......... 
Mathematics for chemists. Report of the 
committee on—(Ar).............4.. 
Mayow. Johannes—(P).. 
Mayow, John—in contemporary ‘setting. 
T; 3. PATTERSON (AD)... 0.50 ctcec se 
Mayow’s place in ~ John—. 
PG, MEN 66 oc G0 hao 0s 6% a¥0 se w00 ke os 
ome James Clerk—. E. H. Hau 


Measurements. Apparatus for electrical 
eee ee ee man, | LORE TEE Cee 
Measurements announced. Dr. Segel’s ap- 
pointment as specialist in educational 
DO OI Oe ones ka he eda o08 
Measures. Jefferson’s efforts toward the 
decimalization of United States weights 
and—. C.D. HEttman (Ab)........ 
Measuring device. A convenient mer- 


cury—. L. V. CLIFcoRN AND W. S. 
po re ee 
Meat industry. Science and the—. T. 
gir obi sce ae date ace 


Mechanically stirred melting-point tube. 
E. F. DEGERING (Ar)..........000-. 
Medal. Priestley Memorial and—. C. 
Ne LS a rere 
Medal, American Institute of Chemists— 
gwarded Herty (CN)... 0. cc cvcccnee 
Medal, Richards—awarded A. A. Noyes 
pS ae SE ras ee 
Medalists of the Society of Chemical In- 
dustry. Presidents and—. ANON. 
1 EER eT SEAS OS wees eee ee 
Medicines. Chemical study of hormones 
may lead tonew— (S).............. 
Melting-point and temperature. Device 
for the simultaneous observation of—. 
Ty Wc EMME CBP) civic wcvivccdiacuse 


721 
949 


1303 


1461 


1111 
27 


571 
593 
1138 


181 


761 


1660 
1129 
928 
643 
581 
582 


370 
348 





Mehinn-pomt tube. Mechanically stirred 
F, Decerine (Ar)........... 928 

Me ~ simple device for holding 
ultrafiltration—. C. Breepis (Ab) 755 


Mendel. Lafayette B.—(P)............. 582 
Mendel’s sixtieth birthday celebrated. 

cet Wes x 6 sige be tc occ teaa es 583 
Mendeléeff. Dmitri—(P).. .1598, 1601 


Merck’s index, an encyclopedia ‘for the 
chemist, pharmacist, and physician 
MO Sere Site bX bas bea gee cel s oleiate he 198 
Mercurouschloridebysublimation. Modi- 
fied technic for first group separation. 


Removal of large amounts of—. E., 

eR eee ere 527 
Mercury. A simple apparatus for distilla- 

tion of—. M.KtLerBer (Ab)........ 1127 
Mercury. The _ purification of—. M. 

ZUPPEE (Ab)... 0.20. scvcrccsenees 1834 


Mercury measuring device. A convenient 

L. V. CrirrcorN AND W. S. 
THOMPSON MN aries ewe car eet anaes saa 1660 

Mercury—See, The discovery of the ele- 





ments. I. M.E. Weeks (Ar)...... 8 
Metal. Anew protected—(CN)......... 781 
Metal. Beryllium as a new industrial—. 

Fe PE oie dha cco biete tieine 568 
Metal crystals changed by “dilution.” 

Magnetic properties of— (S. 46 
Metal powder products (Ab) 1999 


Metallurgical researches of Michael Fara- 
RR Be ly" ae 761 
Metallurgy’s contribution to accuracy in 
time-measuring. G. E. SHUBROOKS 


5S Bete RL Oise aR eee ge Seen 1358 
Metals in presley uma The—. L. 
KAHLENBERG (Ab)..............2-- 568 
Metals in the use of man. C. H. Drescu 
MN re tcutn Ona dart cer hoes 2003 


Metals. A demonstration experiment on 
the diffusion of—. E.W.Bianxk (Ar) 317 


Metals. Modern—.(Ab)............... 2137 
Metals. Oxygen, nitrogen, and hydrogen 
as constituents in—. H.C. VACHER - 
2 RRR nad ay ere ey 
Metals. Uses forthe rarer—(S)......... 458 
Metals in relation + their properties. The 
nature of—. E, SCHUMACHER (Ab) 756 
Metals of group WV. Erhe newer—. 
MRIRRRE OOP. 5 sooo oss ese cio iecore ¢ 4:0: 1491 
Metals, The protection of—by metallic 
films. E.S. Hepces (Ab).......... 163 


Metals in non-metallic solvents, Solutions 

of—: some of their physical and chemi- 

cal properties, C.A.Kraus(Ab).... 1130 
Method for the crystallization of sugars 

and other organic substances. A con- 


venient—. H. TauBerR anp I. S. 

TREE GADD 6 ato 3 i bees k pegs os 1970 
Method for the preservation of book bind- 

ings. A—. J.P. Sanpers (Ab).... 2135 
Method may make ramie cheaply avail- 

SO. WOW 0) os orth oe view ess 902 


Method of halogen-ion separation and de- 
tection by means of chloramine-T. 
An improved—. E, M. GeErsTEN- 
RMS SEMEN 5 os io b-0 orn se wi oe Se wereeie 318 
Method of introducing the sample into a 
Victor Meyer vaporization chamber. 
Animproved—. A. Dietz (Ar)...... 2096 
Methods of teaching chemistry. E. B. 
Pe) ae a) rr orm 1133 
Methods compared. Lecture-demonstra- 
tion and individual laboratory—. i 
F. Payne (Ar) I. Theliterature..... 932 


II. The distribution of time.......... 1097 

|e Aer er cer ear 1277 
Methods of teaching science. A college 

coursein—. V.GEGENHEIMER(Ar).. 1439 


Methods, Micro—in general chemistry. 
E. V. Hjort anp H. E. Woopwarp 
CUED coon acuinte wacalaeie’e aaars Wis weg e nee: & 1815 

Methylamine. Lecture experiment on the 

preparation of hydrocyanic acid 

from—. H. Empg AaNnp T. Horne- 

SONG COI ions cecccaccedenessbbee es 
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Meyer. (Julius) Lothar—(P)........... 1597 
Mica. Cellophane as a substitute for—. 
W. E. Hammonp (Ab).............. 2133 


Michael Faraday and the theory of electro- 

lytic conduction. H. Hartiey (Ab). 370 
Micro methods in general chemistry. E. 

V. Hyort AnD H. E, Woopwarp (Ar). 1815 
Microanalysis of fabrics. ANON. (Ab).... 570 
Microanalysis of fabrics. E. R. SCHWARZ 

(Ab MRS ay Pe aes 
Microanalysis ‘of yarns. . R. ScHwarz 

RNa niaces's <'e pimrale atta wa halk Wa hte ats 
a. A system of qualitative—. 

C. J. ENGELDER AND W. SCHILLER (Ar) 1636 
Micro- ‘analytical method of Pregl... A 
modified absorption tube for the de- 
termination of rl in organic 
substances by the—. W. J. Boyp AND 

We OOO CAO oo 6 cacdedi cies veh ees 367 
Microchemicai laboratory manual. F. 

po EL TE Baha eee aii raeie eee ee Be 1668 
Micro-molecular-weight determination by 

vapor-density methods. me WE. 

BLANK AND M. L. WILLARD (Ar)..... 1819 
Microscope sees what happens to cells 

whirled at high speed (CN).......... 186 
Microscopic projector. An inexpensive—. 

Di WEA ARIO CAG acs ok Se esiceees 1661 
Microscopy of cotton hairs. H. Eviis (Ab) 567 
Microscopy of starch. The—. H. E wis 


WOUND 66h oa doce bo % Vik inet aie Rae 567 
Microscopy of the cotton cellulose fiber. 
R. N. Titus, C. J. Staup, AnD H 

DMM, COMA GREYS 0 ioc ccc cccewseeees 114 

CURTOOMIOR (GL) icc gc oak Ose. ek ews 1296 
Microscopy. A small laboratory for chem- 


ical—. R.D.Coor (Ar)...........- 2084 
Microscopy. Experimentsin—. Demon- 

strating Brownian movement and Cot- 

trell Seer E. W. BLANK 

(Ab). ite eds Sdidikeaare oat Ai gheow” cana 
Microscopy. " Textile—. HL. Exits (Ab)... 567 
Microscopy at Cornell Univ 7 Sum- 

mer courses in chemical— (CN 961 
Microscopy at the Polytechnic tastiinis of 

Brooklyn. New laboratory of chemi- 

cal— (CN 
Mikromethoden der organischen Chemie in 

vergleichender Darstellung. Quanti- 

tative analytische—. C. WEYGAND 

CE Ait ae aie Slee See S EROS RR aLER 400 
Milk enriched with vitamin D. 

EPREIEL, Gist ieN Ss w:k Spike bis SO ed et 2 
Milkindustry. The—. J.Gotpinc (Ab) 1129 
Milk pasteurization. H. RarstrickK (Ab). 1129 
Milling saltin Texas. H.B.Cootry (Ab). 1836 
Mineral and chemical resources of the Mo- 

jave Desert. Studies in the—. P. 


392 


Bo pou Ad 7) i errr 1318 

Seve WaeM eed One ee died cwid Kalk s dames pele 1530 

Ui The inspection trip............-. 2040 
Mining sulfur for world consumption. 

pe A rere re 1837 
Mining, Gold—; facts and figures. E. D. 

IEMs sic high cose Cops vee aKs © 369 
Minutes of Denver meeting, Division of 

Chemical Education, A. C. S. (Ar). 2100 


Minutes of New Orleans meeting, — ision 
of Chemica! Education, A. C..S. (Ar) 1477 
Mirrors and B-batteries as student projects. 


H. L. Surcppnever (Ar)..........-. 1648 
Mitchill. Samuel L.—(P).........-- 686, 703 
Mixing gas and alcohol (Ab) iia ial aistaigua' eres 2134 


Mixture of definite composition. A simple 
method for calculating the proportions 
of various substances of known com- 


Lee to give a—. . V. House- 
NP nr eee 941 
Model tote in organic chemistry. D. D. 
Karvé anp G. D. ApvANI (B)....... -1312 
Models, A new type of atomic—for organic 
chemistry. J. B. ENTRIKIN (Ar). 2081 


Models as a visual aid in the teaching of 
chemistry. Atomic and molecular 
structure—. A.L. PouLeurR (Ar).... 301 


SUBJECT INDEX. VOLUME IX 


Models, Molecular—in the elementary or- 
ganic laboratory. I. W. R. BRopE 
AND C. E. Boorp (Ar).. ate 

Modern chemistry. Marvels of—. B. L. 
CRAMER Clr dees sil cee kd ween Sones 

Modern conceptions and the teaching of 
ee chemistry. E. A. WILDMAN 

Modern materials (Ab)..............4-- 

Madera wnetale CAM ii dnc ovitin kee seeins 

Modern nitric acid production demands 
special alloys. T. McKnicut (Ab). 

Modern physics needs no electrons, says 
Swann (CN 

Modern practice in disposal and recovery of 
textile wastes. W.E.Hap.ey (Ab).. 

Modern processes in wool dyeing. G. 
WARE AO CAD oes ccGiccc es cco cine.t-oe 

Modern theory of vies and bases. The—. 
be TT A Ty 5 ee 

Modified absorption tube for the deter- 
mination of hydrogen in organic sub- 
stances by the micro-analytical method 
of Pregl. A—. W. J. Boyp anp W. 
MCG CR sg 6 veven See be ence tks 

Modified technic for first group separation. 
Removal of large amounts of mer- 
curous chloride by sublimation. E. 
Wh) RR AMN CAE o.oo auc caus pe oonens 

Moissan. A monument to Henri— i. 

Moissan. Henri—(P)......... 868, 1932, 

Mojave Desert. Studies in the mineral 
and chemical resources of the—. P. 
aoe oy As Ty a er 


Hi. The inspection trip.............. 
Molecular fragments and oxidation proc- 
Ce ee Oe eer 
Molecular models in the elementary organic 
laboratory. I. W. R. BRODE AND 
ON eT) rere es aa re re 
Molecular structure. Recent applications 
of X-rays in investigations of—. W. 
Cy PR TR he's ware dacawenaex 
Molecular-weight, Micro- —determina- 
tion by vapor-density methods. E. 
W. BLANK AND M. L. WILLARD (Ar).. 
Molecules observe speed limit in new ex- 
HeMMeUtE (CM iow 6s. 6 oso 00-2. b eee 
Molecules. The size and shape of—. E. 
WEAGE: Ti GRE s soo. c casa coupes s debs 
Molecules form clumps. Water— (S). 
Molybdenum—See, The discovery of the 
elements. V. M.E. Weeks (Ar). 
Monument to Henri Moissan. A— (C N). 
Monroe gas field. Carbon black produc- 
tion in the—. Epit. Starr REPORT 


CBee. cds ciccgeusdanvegnsnunesa res 
Morgan: Johti— (BR). cccccsstvcccecess 
Morphine. The first—. ‘“‘A classic of 


Cee a) ET Orr ter eee 
Morveau. Louis Bernard Guyton de— (P). 
Mosander. Carl Gustav—(P)............ 
Motion picture, The application of the— 

to the problem of the rising cost of 

education. B.A. AUGHINBAUGH (Ab) 
Motion pictures in public schools. Use 

Of — (CN)... 2.00 eee e sees ete nseece 
Municipal university in the United States. 

The history of the— (B) 

Museum. Visual aids in chemical educa- 
tion. The—. A.M. Dove (Ar).. 
Museum of Science and Industry, Chicago. 

From alchemy to chemistry in the— 

(GI eriiroces tas bxceen thecsiomeckas 
Museums in the United States. Recent 

progress and condition of— (S)....... 
Muslim Association for the Advancement 

of Science. The— (CN 
My life and work. H. Kurtanr(Ar)...... 


Nail, What hoids that—? ANON. (Ab).. 
Nason. H. B.— 1.) SR Ree ser 
National Academy of Sciences. The—(Ab) 
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National Institute of Health, The—. 
Uncle Sam’s organization for medical 
research. E.K. Foutz (Ar) 

National Research Council. Appropria- 
tions for grants-in-aid by the—(CN).. 

National Research Council. Grants for 
chemistry research made by—(CN). 

National Research Council. Kellogg 
elected secretary emeritus of—(CN). 

Natural chemical resources of Australian 
plant products. PartII. A.R. PEN- 
FOLD (Ar) 

Natural ethics (S) 

Natural gas. Adaptation of the Bunsen 
burner to—. G.R. ROBERTSON (Ar). 

Natural periodic system including the rare 
earths. A—. J. E.STARECK (Ar)... 

Natural sciences. The—. R. A. MILLI- 
KAN (A 

Nature of metals in relation to their prop- 
erties. The—. E. E. ScHUMACHER 
(Ab) 

Nebraska. 
SON ( 

Necessity of fume hoods for high-school 
laboratories. R. E. DUNBAR AND L. 
O. SHutt (Ar) 

Need of a broader vision among chemists. 
J. Reap (Ab) 

Needed objectives for our schools. 

RAWETz (Ab 

Neodymia—sSee, The discovery of the ele- 
ments. XVI. M.E. Weeks (Ar)... 

Neon—See, The discovery of the elements. 

VIII. M. E. Weeks (Ar) 

Neutral standard for hydrogen-ion work 
and accurate titrations which can be 
prepared in one minute. R. J. WIL- 
LIAMS AND C. M. TYMAN Ch)... tink 

Neutron may be brick in building heavy- 
weight hydrogen (CN) 

Neutron. And now the—. J. G. Crow- 
THER ( 

Neutron. European scientists study—. 
V. Corman (Ab) 

New air drier for analytical balances. 

E. LOWENSTEIN (Ab) 

New and simplified colorimeter especially 
designed for the colorimetric estima- 
tion of manganese by the periodate 
method. A—. G. F. SMITH AND V. 
R. SuLLIVAN (Ar) 

New anesthetic found according to predic- 
tion (S) 

New artificial radiation resembles cosmic 
rays 

New blood test for cancer developed by 
Fuchs (CN) 

New chapter of Alpha Chi Sigma fraternity 


( 

New chemical laboratory at the University 
of Texas. The—. W. A. FELSING 
(CN) 

New chemical society at John B. Stetson 
University (CN) 

New code system for aepeanng qualitative 
analysis unknowns. A.L.T 
Lor (Ar) 

New era in synthetic organic chemistry. 
A—. E.E. Ret (Ar) 

New explosive made from natural gas oe 

New extraction dialyzer. H.R. 


(Ab 

New gasoline process endangers sulfur in- 
dustry (S) 

New indicators for volumetric analysis. 
W. H. Barrett (Ab) 

New Jersey. Range of subjects taught, 
teaching load, and preparation in sci- 
ence of the science teachers of—. 

D. REED (Ar) 

New laboratory of chemical microscopy at 

bat Polytechnic Institute of Brooklyn 


New laboratory preparations for the course 
in organic chemistry. III. Dibutyl 


ether from butanol-1. G. R. anp M. 
T. Youe (Ar) 

New leveling vessel for producing constant 
pressure in gas analytical investiga- 
tions. A—. W. HERBERT AND W. 
Wau tic (Ab) 

New method may make ramie cheaply 
available (S) 

New Orleans Meeting of the A. C.S ls 

New Orleans Meeting of the A. C. S.— See, 
Division of Chemical Education, A. C. 
S., in this index. 

New physical chemistry laboratory at 
University of Freiburg (C 

New process of photography by ultra-violet 
light (S) 

New process saves fruit by detecting mi- 
nute scratches (S) 

New protected metal. 

New qualitative test for aluminum. A—. 
K. KERSHNER AND R. D. Durr (Ar).. 

New quicksilver discoveries. W.M. WEt- 
GEL (Ab) 

New radium discoveries made in Canadian 
Northwest (CN) 

New radium in Canada will break world 
monopoly (S) 

New science Pine at Hendrix College. 
A—. . REvVEs (' 

New science ‘building at The Phillips Ex- 
eter Academy. W.SEGERBLOM (CN). 

New science hall at Fairmont State Teach- 
ers College. H. F. RoGers (CN).... 

New 7 council to standardize colors 


New South Wales, with special reference to 
the conditions existing in the United 
States of America. The teaching of 
chemistry in the secondary schools 
of—. R.W. STANHOPE (B) 

New super X-ray tube equal of world’s total 
radium 

New synthetic gopher recalls German war 
product (CN 

New type of » AE models for organic 
7a A—. ENTRIKIN 


Newer metals of group IV. The—. 
classic of science”’ 

Newlands. John Alexander Reina— (P).. 

Newly discovered note by Lavoisier from 
a 20,1772. A—. M. SPETER 


Nichols Medals. Conant awarded Chan- 
dler and— (CN). 
Nickel as a catalyst i y chemical reactions. 
P. SABATTER (Ab) 
Nickel industry. Research in the—. P. 
D. Mertca (Ab) 
Nickel plating. Small battery charger 
supplies current for—. R.H. ROGERS 


(Ab) 
Nickel tubing resists fatigue. R. WortTH- 
INGTON (Ab) 

Nickel—See, The Sepvesy of the ele- 
ments. III. M.E. Weexs (Ar). 
Nickel-crucible radiator. The determina- 

tion of water in hydrated salts by 


means of the—. THORNTON, 
re R. ROSEMAN, AND M. NEISHLOSS 


Nicotine. J. H.Retp (Ab) 

Nilson. Lars Fredrik— (P) 

1932 Illustrierter Apotheker-kaiender. 
FERCHL (B) 
Ninth International Congress for Pure and 
Applied Chemistry. The—(CN).. 
Ninth International Congress for Pure and 
Applied Chemistry postponed. Ma- 
drid meeting of the— (CN)... 

Niter caves of Kentucky. The—. R.N. 
Maxson (Ar) seneovosce 


1932 


1268 
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Nitric acid by direct synthesis avoids ab- 
sorption. Concentrated—. G. Fau- 
SER (Ab) 

Nitric acid production demands _ special 
alloys. Modern—. T. McKNIGHT 
(Ab) 

Nitrogen and phosphorus. 
science’’ (Ab) 

Nitrogen industry at the end of the el 
1931. The—. B.WAESER (Ab). 

Nitrogen industry in 1931. The—. E. 
MAXTED ( 

Nitrogen. A demonstration: Fixation of 
atmospheric—. H. L. Ovsson (Ar). 
Nitrogen, Apparatus for illustrating the 
arc method for the fixation of—and 
also for the formation of ozone. H. 

C. Doane (Ar) 

Nitrogen. Fixed—. 
tor (B) 

Nitrogen, Oxygen, — and hydrogen as con- 
= in metals. H. C. VACHER 
(Ar) 

Nitrogen—See, The discovery of the ele- 
ments. IV. M.E. Weeks (Ar) 

No chemical elements heavier than ura- 
nium, scientist concludes (CN) 

Nobel chemistry and medicine awards for 
1931 to Bergius, Bosch, and Warburg 

N) 


“A classic of 


Chemical—See, A chapter 


Nomenclature. 
E. F. SmitH 


in historical chemistry. 


r) 

Non-metals head list in HCl resistance. 
S. L. TYLER (Ab) 

Non-resident Baker lectureship in chemis- 
try at Cornell expanded (CN) 

Normal schools, Statistics of teachers’ col- 
leges and 929-30 (B) 

Northeastern University. Chemical engi- 
neering on the coéperative plan at—. 
C. P. BAKER AND W. C. WHITE ae 

Norton. John Pitkin—(P).. 

Norton. Thomas H.— (P) 
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ington (C 

Oersted. Hans Christian— (P) 

Ohio State Educational Conference, Twelfth 
annual—to meet in Columbus in April 
(CN 

Oil from coal. The production of—. 
L. J. Rocers (Ab) 

Oil well opens new fields two miles down. 
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aes a spheres. The—. L. PAULING 
At 


Paint. The ane between corrosion 
and—. H. J. VERNON AND L. A. 
JORDAN (ab) alah wicteiclace bide bin aD be-e a 

Palladium. On the discovery of—. A. 
M. WHITE AND H. B. FRIEDMAN (Ar).. 

Palladium—See, The discovery of the ele- 
ments. VIII. M.E. Weeks (Ar)... 

Pandemic idea in high-school chemistry. 

he—. G.F.STROHAVER (Ab) 

Pandemic text—See, An introduction to 
chemistry. J. A. Trim (B). 

Paper. Federal chemists show how acids 
PM oa) on ale gecas és 

Paper industry. Georgia prepares for a 
native white—. Starr Rep. (Ab)... 

siete} < CROCE Silicatesin—. ANON. 

b 


Paracelsus and the discovery of hydrogen. 
ey) eer prs ee 

a eo tr er 
Paracelsus, Theophrastus. The alchemy 
and the alchemistic cosmogony of—. 

Pr SUI TaN nic kc es ob.co 5 404 aa 668 


Paraffin. A convenient method of apply- 
ing liquid—. N.Scwaprro(Ab)..... 
Parsons. Charles L.—(with E. C. Frank- 


lin and Edgar Fahs Smith) (P)...... 
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and college work. A—. W. M. 
MIRE coos s 6.6 Sdn bet kedes 4k’ 64 
Proposed 1932 college testing program of 
the coédperative test service. The—. 
PC tS i ae 572 
Protection of metals by metallic films. 


1838 


The—. E.S. Hepces(Ab)......... 163 
Protein. Insulin revealed as new kind of— 

CD Scan as Oe a oehc SEV ARN RES RR COS 591 
Proteins. Insanity believed related to 

jellying of brain— (S)............... 512 
Psychological assays (S)............0.-+. 1635 
Psychology of the learning processes at the 

higher levels. The—. C. H. Jupp 

NE wicca ato ipiine crels ioe Steal c uy sia 's o he > 1133 
Publications of Edgar Fahs Smith (Ar).... 655 
Publications. Record of current educa- 

tional— (B) July 1-Sept. 30,1931.... 792 

eee ye: eee errr 1138 

Jan.—Mar., 1932. = ROR PIA Gon SO Po 2010 
Publishing business and the teaching pro- 
fession. Problems affecting the—. 

We te PI ORD a0 4.05005 0:05 se e206 371 
ene 721 
Pulp and paper advance fight against cor- 

rosion loss. J. D. MILLER (Ab)..... 2136 
Pupil checks the teacher. The—. A. E. 

Wy AE ED 8 6 5 05.4 6.5.0.6 wie cece 573 
Pupil looks at the teacher. The—. C.C. 

ae eee re 1838 
Pure mathematics may hold key to quan- 

oy ES eR eee 600 
Purification a mercury. The—. M 

OS” ae ae ee 1834 
Pyrolysis hones AOD Ra The significance 

f— «Bt. INOMROS CAL) 0.65055 Ps neee 1890 
Pyrosulfuryl chloride, S2ChkOs. W. STAHL 

CR ieeris care ths oe tice smadeesies 369 
Qualitative analysis. A course in general 

chemistry, including an introduction 

to—. W.C. Bray AND W. M. Lati- 

RIN a Sdvo HOR man fo ns walk ee 1496 
Guatieiies analysis. A short course in—. 

Pe OR) . . occ ect Wcwetaetes 1666 
Qualitative analysis. Adding interest and 

reality to—. H.C. GRAHAM (Ar).. 1225 
Qualitative analysis. Analytical chemis- 

try. Vol. I.—. P, TREADWELL 

BMW 2 AED LO) iacccide yee tes 1309 
Qualitative analysis. Laboratory manual 

of—. B.E. Hartsucn (B)......... 2147 
Qualitative analysis unknowns. A new 

code system for dispensing—. A. L 

ye i Re er eee err 1811 
Qualitative analysis with the help of many 

new reactions. Systematic—. ay & 

Van NIEUWENBURG (Ab)..........-% 1128 
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Qualitative and quantitative analysis— 
See, Analytical chemistry. J. C. 
WENN hi dbn 65 545s pe satodewe ods 

Qualitative chemical analysis of inorganic 
substances. A course of—. O. F. 
RUMEN occ va veavsueuekes veuss 

Qualitative microanalysis. A system of—. 
C. J. ENGELDER AND W. SCHILLER (Ar) 

Qualitative organic analysis. O. Kamm (B) 

Qualitative test for aluminum. A new—. 
K. KERSHNER AND R. D. Durr (Ar).. 

Qualities of a faculty. Indices of the—. 
H. L. Hummes (Ab). ...........0.05: 

Quantitative analysis. E. G. MAHIN (B).. 

Quantitative analysis. Acoursein—. J. 
S. Guy AND A. SKEEN (B)............ 

Quantitative analysis. Analytical chemis- 
try. A textbook for a one- 4-74 course 
in qualitative and—. Ware (B) 

Quantitative analysis. Silver-bismuth al- 
loys—. G. W. BATCHELDER AND L. 
& , ERO cae ctr acsseeeeee disa 

Quantitative analytische Mikromethoden 
der organischen Chemie in vergleich- 
ender Darstellung. C. WEYGAND (B). 

Quantitative decomposition of lead dioxide. 
The—. E. WINTERHALDER (Ab)..... 

Quantitative determination of ammonia 
without distillation. The—. P. Sors 
PED abv cvcaice sovials <ebqnemenouns 

Quantitative determination of hydroxyl 
groups in bases. The—. W. Bar- 
PEE NE ee Sere OF 

Quantitative exercises. General chemis- 
try laboratory practice: —. G. N. 
CORMNT INN So ack vebwge Ceaee cade 

Quantitative experiments in elementary 
chemistry. II. A measure of cataly- 
sas, R.D. Baxinome (Ar).........5 

Quantitative method of determining ozone 
in ozonized air. A simple—. P. 
KRAIS AND H. MERKERT (Ab)........ 

Quantitative spectroscopy with special ref- 
erence to the “ratio quantitative sys- 
ee a eee 

Quantum theory. Pure mathematics may 
We Gs a vec cccccccccccus 

Quartz takes up fire-fighting. G. LocK- 
pS ee eee re 

Quasi-quicksilver (Ab)..............06- 

Quick-freezing solves food problems. D. 
H. K1tverFer (Ab). Ae eee 

Quicksilver discoveries. "New—. W. M. 
IIR dé daduteds escc-uneee 

Quicksilver. Quasi- — (Ab) 

Quinine. The history of—. C. H. La- 
WOUMMEN  c tric Cbsckevausdebedrce 

Quiz, and laboratory sections, Unifying 
lecture, —in general chemistry. G, 
Ch ONIN CRE cidic'cu soca hers tce Bae es ec 


Radiation. Solar—. C.G.Apnsor (Ar).. 
Radiation resembles cosmic rays. New ar- 
tificial— (S) 
Radiator. The determination of water in 
hydrated salts by means of the nickel- 
crucible—. W. M. THORNTON, JrR., 
R. ROSEMAN, AND M. NEISHLOSS (Ar). 
Radicals. A survey of the chemistry of 
free—. M.Gomserc (Ar).......... 
Radioactive substances. Law does not 
forbid shipment of— (S)............. 
Radioactive waters and radium emanators. 
MONE GMRIEE Me Clon i vk siccec wees 
Radioactivity. G.ROSENGARTEN (Ab).. 
a aid and theorizing. B. Wit LIS 


past ng of polonium. Experiments 
for the demonstration of the—. F. 
MPONUMAIE CMI se a's = 6:0 65 46 vies 8's 
Radium finds application in inspecting steel 
WOMB cic cop ccs k act eee ee ese es 
Radium, life-giving element, deals death in 
the hands of quacks. M. Mox (Ab).. 
Radium strike in Canadian wilds. C. Mc- 
MN RPE ho cb. o ds bcos ove d Becca clue 


929 


400 
1835 


1474 


144 


1302 


1645 
439 
939 


154 
370 


1663 
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Radium. New super X-ray tube equal of 
world’s total— (CN) 
Radium discoveries made in Canadian 
Northwest. New— (CN). 
Radium emanators. Warns against ‘radio- 
active waters and—(S) ............. 
Radium gamma “oe Cosmic rays again 
shown PNG) bn i advice ibid awate 
Radium in Canada will break world mo- 
nopoly. New— (§ 
Radium monopoly. Breaking the world’s 
—. D.L. Watson (Ab) 
Radium treatment. Invents tiny appa- 
ratus to regulate— (CN) 
Raman medallion (CN)..........ceeceee. 
Ramie cheaply available. New method 
may make— (S).........0.ssecceee ‘ 
Rammelsberg. Carl Friedrich—(P)....... 
Ramsay Memorial Laboratory of Chemical 
Engineering, University of London 


Cee vn ew ks Kacenavkedes Canes 
Ramsay. Sir William—(P)......... 2067, 
Range of subjects taught, teaching load, 

and preparation in science of the sci- 

ence teachers of New Jersey. R. D. 

pS SS re eer ee 
Rare earth elements—See, The discovery 

of the elements. XVI. M. E. 

WeEKs (Ar 
Rareearths. A natural periodic system in- 

cluding the—. J. E.Srareck (Ar)... 
Rare gases in air. Animals die when de- 

prived of— (CN) 
Raw material resources await chemical de- 

Yamane Vast—. W.M. WEIGEL 
Raveigh:  Lord—OD). «6 cece icscwedicnte 
Rayon. Cotton stalks, a new source of—. 

P. A. Cammrcmans, (AB)... ices sceaes 
Rayon. Distinction between viscose and 

cuprammonium—. J. BRENNAN (Ab) 
Rayon. Thefutureof—. ANon. (Ab)... 
Rayon manufacture. Devising plant and 

process for simplified—. T. R. OLIVE 


(A 
Reaction. Heat of—. M. E. CHarves- 
WORTH AND E. M. Patcu (Ab)....... 
Reactions. Organic catalytic—. J. . 
POROUS, GUD s 0s ccd ccccciececrens 
Reactivity. Comparison of chemical—. 
Bee OU Rie asi 6.o se vee du we one 
Reader’s Guide as an aid to instruction in 
chemistry. The—. A. J. HAMMER(Ar) 
Reading material for pupils and teachers. 
ience—. C.M. Pruitt (B)....... 
Reagent. The early history of the first 
chemical—. M.NIERENSTEIN (Ab).. 
Reagents. om organisms as chemical 
A. I. KENDALL (Ar)...........- 
Recent. advances in enzyme chemistry. 
The mechanism of peptide hydrolysis. 
A. K. Batts (Ab 
Recent advances in organic chemistry. A. 
We SPMPAMIECE Ning ce ccs we eens 
Recent applications of X-rays in investiga- 
tions of molecular structure. W. C. 
oh aks ib > acata nana cea 
Recent developments in a chemical age. 
A. L. FERGUSON (Ar)..........-..... 
Recent developments in activated carbon. 
WME SPOUTS CA So a 5 sin o's ¢ dt'e 
Recent developments in the rubber indus- 
try. G. OBNSLAGER (Ar)........... 
Recent progress and condition of museums 
in the United States (S).......... 
Recent theses in education (B)........... 
Recitation and laboratory in freshman 
chemistry. Effects of different in- 
structors for—. F.E. BRowN ANDR. 
FeO ie cechve css ccuseuenos 
Record of current educational publications 
(B) July 1-Sept. 30, 1931............ 
Oct.-—Dec., 1931 
JR oie. Pe asacctdateeenccvacas 
Recovery of tin-bearing wastes. V. 
PPROMESINN CAB 66 occ cccccccceseus 
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1625 
589 
2066 
369 
570 
370 
1663 
1490 
59 
1865 
1943 
1672 
761 
2013 


163 
194 


845 
1181 
568 
974 


1806 
970 











2190 

Regnault. Henri Victor—(P)........... 

Reich. Ferdinand—(P).............+.. 

Relation between corrosion and paint. 
The—. W.H. J. VERNON AND L. A. 


Ee EE es eee ae 
Relation of cellulose to lignin in wood. 
The—. K.FREUDENBERG (Ar)...... 
Relation of pharmacology to hygiene, pub- 
lic health and chemistry. The—. D 
Re REY 5 oss cas cease 
Relativity theory. The fundamentals of 
the—. M.Tarmey (Ab) 
Relativity _—, still stands 
Einstein— (S 
Reliability of A AED grades in science. 
Se at) te 
Remsen. Ira— (P). ....736, 747, 
Remsen memorial collection. The— (CN) 
Repetition of experiments reported by 
James Woodhouse in 1808 relative to 
the production of ammonia. K. S. 
Love AND P. H. Emmett (Ar)........ 
Report of the committee on mathematics 
er NOME CAT). Fo os k eb iis + on ks 
Report of the committee on the teaching 
load for chemistry teachers (Ar)..... 
Report on drills to decrease picture-memo- 
rizing in the study of graphical chem- 
istry. A—. . P. Howe ts (Ar)... 
Report on the experimental use of units in 
physics. A.W. Hurp(Ab)......... 
Report on the Maé’al-Waragé. H. E. 
STAPLETON AND H. HusaIn (Ab)..... 
Reports, Annual—on the progress of chem- 
istry, 1931. Vol. XXVIII. Tne 
CuemIcac Society (London) (B).... 
Requirements for the master’s degree. 
Com. Rep. (Ab) 
Research. Group— (S)................ 
Research for teachers (E) . 


s. Basis of 


Research for the undergraduate. ee 
DEEIBND 6 Ss s cts tad ou ota ak eckson S 
Research in the nickel industry. P. D. 


Merica (Ab) 
Research in the undergraduate ar 
of the course in chemistry. G. B. L. 
RUNNER CRED ooo wos Ax cid ol. oo. 6 alk s wee a 
Research projects of the secondary-school 
level carried on in California cities 
during 1930-31. F.C. TouTton (Ab). 
aes as Education for commercial—. 
A 0! ER Saati 
Research. Faraday’s views on Peed ity in 


the —_ of recent—. . HEDGES 

(Ab). ate 
Research. Schools and—. ay THORPE 

SOS EOE SA Se RET rte 
Research. Teaching versus—. N. I 


. | AS Sa ae tee 
Research. The national Institute of 
Health: Uncle Sam’s organization for 
medical—. E.K.Fortz(Ar)........ 
Research bring disrespect, Does—? W. 
W. Kemmerer (Ab)................ 
Research in the ae The development 
of scientific—. y. J. Fertic (Ab).. 


Research made By "National Research 
Council. Grants for chemistry— 
- |) SERRE ee OE ee aA 


Research necessitates promotional adver- 
tising. Applied analytical chemical—. 
oe fe” er re 

Research patents. we waren of 
Wisconsin— (C . 

Research students 7. chemistry, 1931. 
The eighth census of graduate—. C. 
Hutt ann C. J. West (Ar).. Pee 

Research, Chemical—: A factor of prime 
importance in American industry. 
ete a TE ©. ea ees 

Research—See, Dreams and realities. L. 
Bi, ROMMEL AMD CAS)... ince nceees 

Researchers. Literate— (S). 

Resins. The meme A of artificial—. 

S. B. BAMBERGER (Ab) 
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371 
55 


165 
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180 


84 
384 


JOURNAL OF CHEMICAL EDUCATION  DEcEmBeErR, 


Resins developed into new forms. Alkyd 
c «hake Eee WERIGHS CAD) ois 00: 6-0 0° 
Resistance ‘measurements. Apparatus for 
electrical— (B) 
Review of the British chemical industry in 
1931. A—. J.D. Prart (Ab) 
Rhenium. W.F.MecGGeErRs(Ab)......... 
Rhenium. The element—. I. anv W. 
po a) | er mons ee 
Rheological properties. On designing ma- 
terials with specific—. E. C. Brnc- 
HAM (Ab) 


Rhodium—See, The discovery of the ele- 
ments. VIII. M.E.Werexs (Ar)... 
Rhythmic phenomena in gels. J. M. Jou- 
LIN (Ab) 
Rice, Dr. Oscar—, receives annual A. C. S. 
Langmuir award (Ab 
Richards medal awarded A. A. Noyes (CN) 


Richards. Investigations of atomic weights 

by Theodore William—. G. S. ForBEs 

MO sehen Viera Re eek nih) Soa PRN SEEN Ges 

Richards. Theodore William—(P)....... 

Richards. Theodore William—(C) N. E. 

ee ARE ees ee ety cr arg ge eer os 

CS NINN vias Sie wie HED VR Cees 

Ca, PS 35s Gy ves ctnneinacteaem 366, 

Be IN 5000605 uti bneeeewes 44s 
Richter. Hieronymus Theodor— (P).. 


Ring stand and table lamp with flexible 


MIEN: cava nd ane vebkaasic ace 
Rise of air-conditioning with particular 
reference to the chemical field. > aa 
Pere ere ree 


Rocks tell how they were formed. 
classic of science’ (Ab 
Rogers.: James Blyvthe—(P)............. 
Rogers. William B.— (P) 
Rdle of Lavoisier in the history of the sci- 
ences. The—. A. Mrett (Ab) 
Rolfinck bis Knorr (1629-1921). 
Chemie in Jena von—. F. 
NITION 6 ioc ft 0 aio GA 6 a8 omega Hess 
Roman miningin Britain. ANON. (Ab)... 
Romance and —— of the electron mo- 


ment. Th J. F. HALLER (Ab). 
Roscoe. Sir Henry Enfield—(P Bea wee 881, 
Rose. ‘GMPC (O) - 6. vient ccaercessce 
Rose. Valentin—the Younger—(P)....... 
Royal Society. HughS. Taylor nominated 

to fellowship in— (CN)............. 
Royal Society Mond Laboratory. Hydro- 

gen pare plant at the—. P. 


KAPpITZA AND J. D. Cockxcrort (Ab) . 
“‘Rubber”’ from a chemica! laboratory. F. 
D. McHueu (Ab) 
Rubber. A wonder book of—(B)........ 
Rubber ~, tanks for steel pickling. Tri- 
ex— 
Rubber industry. Recent developments 
inthe—. G.OENSLAGER (Ar)....... 
Rubber latex. Recent scientific and tech- 
nical developments. V. N. Morris 
AND H. W. GREENUP (Ab).......... 
Rubber recalls German war product. New 
synthetic— (CN) 
Rubber stoppers. Inserting glass tubing 


into tight- fitting—. V.N. PATWarpD- 
RAM io Bs Sola .6. 3 xc hie ash Dek Kae ae 
Rubber, Carothers tells how new syn- 


thetic—was achieved (CN) 
Rubber, Chlorinated—See, Tornesite. F. 
PRC REIERIEIE CRAB) so. 0. 6.vic > cca dvnntace 0s beet 
Rubidium. The preparation ; 
ONES? I Re ieee 
Rubidium—See, The discovery of the ele- 
ments. XIII. I. E. Weexs (Ar).. 
Rumford, Count—See, A teacher who be- 
came acount. ANON. (Ab)......... 
Rush. Benjamin— (Ab) 
Rush. Benjamin—(F). 
(P) See also...... 
Ruthenium—See, The discovery of the ele- 
ments. VIII. M.E Weeks (Ar)... 
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Rutherford. Daniel—(P).............4. 
Rutherford of Nelson, O.M., F.R.S.  Sci- 
entific worthies; the Right Honorable 


Lord—. M.pDE BRoGuik (Ab)....... 
Sabatier. Paul—(with Edgar Fahs Smith) 
Saccharides. Chemistry of the—. H. 


PRINGSHEIM (B).. errr ae 
Sage. Balthasar Georges—(P).. RT eer Ay eee 
St. Andrew’s University. Fire damages 

physical and chemical laboratories 

of —( Rey Pree aa 

Sainte-Claire Deville. Charles and Henri— 

Salaries ‘in | land- “grant universities and 
colleges (B). Re 

Salt domes of Louisiana and Texas. R.A. 
STEINMAYER (Ab).. 

Salt, Milling—in Texas. a: 3 “B. * CooLey 

Salt- pw on the Great ‘Salt Lake. T. 
B. BRIGHTON (Ar).. 

Samaria—See, The discovery. of the ele- 
ments. XVI. M. E. WEEKS (Ar) 

Scandia— — See. ‘The discovery of ‘the ele- 
ments. XVI. M. E. WEEKS (Ar).. 

Scandium—See, The discovery of the ele- 
ments. XV. M. E. Weeks (Ar)... 

Scheele. Carl Wilhelm—(P)......... 231, 

Scholarship offered by American Associa- 
tion of University Women (CN).... 

Scholarships and fellowships. Grants 
available in United States colleges and 
universities (B).. 

Scholarships for British and “American. stu- 
dents. Charles and Julia Henry 
Fund—(CN). 

Scholarships in United States. 
(CN).. 


Schools and research. ie 7 T HORPE (Ab)... 

Schools extravagant today without visual 
education. E.R. ENtow (Ab)...... 

Science and the meat industry. T. 
Moran (Ab).. 

Science in action. E. R. "WEIDLEIN "AND 
W. A. HAMor (B). okt 

Science i in English schools (Ab). it + wa Rae-« 

Science in the city of London. E. C. 
SmitH (Ab).. 

Science in the melting | pot. 
(Ab 


50,000— 


OF H. Lorinc. 

Science makes notable strides in 1931 (CN) 

Science Masters’ Association London meet- 
ing, December 29, 1931. The—. 
Norwoop (Ab).. 

Science of education. 
DE&MIASHKEVICH (Ab)..........0.-% 

Science of voice. The—. D. STANLEY (Ab) 

Science Press of Germany. The—(CN).. 

Science reading material for pupils and 
teachers. C. M. Pruitt (B).. 

Science talks for schools available on 
phonograph records (CN). ° 

A college course in methods of 


Science. 
teaching—. V.GEGENHEIMER (Ar). 
Science. An English i Fg jem of Ameri- 


TURNER (Ab). 


can general—. 
Classics of 


Science. Classics Bok 
science in this index. 


Science. Current—(B).............+-- 
Science. Goethe and—. A. C. CHAND- 

_ LER (Ab).. a ee 
Science. Individualized work in—. R. 


., ©. TREASHER (Ab). 

Science. Introduction to ‘the history ot 
Vol. II. From Rabbi ben Ezra to 
Roger Bacon. G. SARTON (B). 

Science. Living in a world of—. Water 
and air; Energy and power; Heat 

_, and health. M ‘Mrister (B).. 

Science. Sex differences in the study of 

_ general—. Vv. C. SmitruH (Ab).. 

Science. The aims of a college course 


ee. oe a dS) eae ; 
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1312 
25 


395 
1405 
792 
1836 
1836 
407 


1767 
1759 


1609 
460 


181 
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165 
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385 
1492 
1492 
396 
1672 
773 
1439 
2003 


2150 
1131 
1133 


1665 


762 
889 
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The diffusion of—. 


frontiers 


aia Symposium 

Science. The 
TRUMPER (Ar).. seine 

Science. The future man of—. G. W. 
STEWART (Ab). 

Science. The thirty- first yearbook ‘of the 
National Society for the Study of 
Education. Part I. A program for 
teaching—. S. R. Powers (B).. 

Science and technology. Some problems 
relating to history of—. G. BuGGcE 


(Ar).. ae 
Science building ‘at. Hendrix ‘College. A 
new—. F. Revss (CN).. : 


Science classes. Instruction plan material 
for—. Chemistry. M. Mertster (Ab) 
Science education in Sweden and the 
United States. A comparative study 
of—. H.F. K1mtanper (Ab)........ 
Science hall at Fairmont State Teachers 
College. New—. H. F. RoGers (CN) 
Science in secondary schools. The teach- 


ing of—. F. D. Curtis (Ab).. 

Science in the University of London. ‘The 
teaching of the history of—. A. 
Wo r (Ab).. 


Science instruction in junior high.  Indi- 


vidualized—. P. McMurray (Ab) 
Science really is. ha A. H. Comp- 
TON (Ab).. ice Bie 
Science teachers of New Jersey. "Range 


of subjects taught, teaching load, - 
preparation in science of the—. 
REED (Ar).. S 
Science, The child and ae ‘symposium (Ab) 
Science. The Muslim Association for the 
Advancement of—(CN). 
Science, U. S. continues support of inter- 
national —despite depression (CN). 
Science, What is—? D. E. PaILiips (Ab) 


Sciences. The Faculty of—(CN). 
Sciences. The natural—. R. A. * Mittt- 
WAR CAIs. oo Ged oleiicca Keen bane 
Sciences. The social—. H.G. MouLton 
ON arek eect hc absks kaa, Ca aces ae a eater 


Science-teaching—See, The thirty-first 
yearbook of the National Society for 
the Study of Education. Part I. 
A program for teaching science. S. 
1 eh eer er 

Scientific centenaries in 1932. ANon. (Ab) 

Scientific crime detection laboratory. 
The—. L. J. KAEMPFER (Ab)...... 

Scientific recognitions and awards during 
FOG CRON i ag ncn ir ihe eckanis cents 

Scientific worthies; the Right Honorable 
Lord Rutherford of Nelson, O.M., 

.R.S. M. DE BrRoG.iis (Ab)....... 

Scientists are forceful, venison fair 
minded (S). 

Scientists of world coéperate in attack on 
heart of matter (CN). - 

Second law theory. Presentation ‘of—. 
II. A proof of the second law for sys- 
tems composed of perfect gases. T. 
H. Hazvenurst, JR. (Ar). i 

Secondary education. Biennial survey of 
education in the United States, 1928- 
30. Chap. III—(B).. 

Secondary education, XIVth annual con- 
gress of—, London, July, 1932 (CN). 

Secondary schools. The teaching of 
science in—. F. D. Curtis (Ab). 

Secondary schools of New South Wales, 
with special reference to the condi- 
tions existing in the United States of 
America. The teaching of chemistry 
in the—. R. W. STANHOPE (B). 

Secondary-school level carried on in Cali- 
fornia cities during 1930-31. Re- 
search projects of the—. F. C. Tovu- 
TON (Ab). 

Second-year college ‘chemistry. 
experiment in—. 

CE eeitae < Kane He 
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Secretary’s pees paen of Chemical 

Education, A. C. 
Denver meeting 
New Orleans meeting 

Sees beginning of new epoch in hacen of 
disease (S).. 

—.. Nils Gabriel—(P). rue "874, 

Segel’s, Dr.—appointment as specialist in 
educational tests and measurements 
announced (CN).. lara 

Selected bibliography on aluminum from 
the JOURNAL OF CHEMICAL EDUCATION 

Selecting the materials for the Timken 
locomotive. T.V.BuCKWALTER (Ab) 

Selenium—See, The discovery of the ele- 
ments. VI. M. E. Weeks (Ar).... 

Sensitive direct-reading mercury manome- 

A—. H. W. ae jr. 

(Ab).. ae Pate ai 4% 

Sensitometry. "Practical—. H. BAINES 
ot ae 

Service institution. ‘The ‘state university: 
a—. J. M. SMITH (Ab). ae 

Service of man. ps enpts inthe —. A. 
FINDLAy (B). 

Sex differences in the ‘study ‘of ‘general 
science. V. C. SmitH (Ab). 

Sex differences in a need of | tissues. 
Finds—(S).. ie alse 
Shade of Socrates. Phe (B). Serban s breile 

Shepherd. Charles U.—(P 

Short course in qualitative aie. ica 
F. E. Brown (B). 

Should the teacher be a ‘recruiter for chem- 
istry? (E).... 

ae scientific discoveries be patented? 
E. L. S—evrINGHAUS (Ab) 

Sidelights on the life of Dr. Edgar Fahs 
Smith. H. Have (Ar).. 

Sigma Xi. Princeton University ‘obtains 
chapter of —(CN). 

Significance of pyrolysis temperatures. 
ane, > J. F, Norris (A r). 

Significant actions and criteria of achieve- 
ment. ANon. (Ab). 

Silicate of ag asa detergent. " ‘The value 
of—. J. CARTER (Ab). 

Silicates and nit treatment. ANON. (ab) 

Silicates and whiteness. ANON. (Ab). 

Silicates in cleansing. ANON. a: Paleahs 

Silicates at work. ANON. (Ab)......... 

Silicates in paper manufacture. “ANON. 
Ab). 


Silicon, the ‘element ‘of a 1 thousand uses. 
A. VIEHOEVER (Ab). 

Silicon—See, The discovery ‘of the ele- 
ments. XII. M.E. Werexs(Ar).. 
Silk. Chemical constitution of wool 
and—. C. E. Mutuin anv H. L. 

HUNTER (Ab).. 

Silk. Giant molecules ‘and. synthetic—. 
CAROTHERS AND —s ae 

Silliman. Benjamin, Jr.— 

Silliman. Benjamin, Sr. —).. 

Silver filter purifies water (CN). 

Silver starts new rush in west. 
for—. H. H. Dunn (Ab). 

say Hie The discovery of the elements. 
I. E. WEEKS (Ar).. 

eines aieeuaat alloys in quantitative 
analysis. G. W. BATCHELDER AND L. 
C. Hurp (Ar).. . 

Simple and convenient set- “up ‘for potenti- 
ometric titrations. A—. N. ALLEN 
(Ar).. , 

— apparatus for distillation of mer- 

—. M. KLEeIBER age 

Simple aspirator trap. A—. . Dr- 
GERING (Ar).. 

Simple device for ‘holding ultra-filtration 

membranes. A—. C. Bregprs (Ab) 

Simple electric furnace. A—. J. KISSEL 
AND N. KRAMER (Ar).. 

Simple method for calculating the ‘propor- 
tions of various substances of known 
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composition to give a mixture of defi- 
nite composition. A—. ee 
HovuseEMAN (C).. 

Simple pressure regulator for vacuum dis- 
tillations. A—. R.H. Muncu (Ar) 

Simple quantitative method of determining 
ozone in ozonized air. A—. P. 
Krats AND H. MERKERT (Ab) 

Simple set-up for making water gas, gen- 
erator gas, and carbon monoxide. 
A—. W. FLORKE (Ab). ; 

Siphon. An automatic valve for a—. 
C. W. Totten (Ar). 

Sixtieth birthday of N. Caro. * “The—(Ab) 

Sixtieth birthday of Richard Willstitter. 
The—. W. ScHLENK (Ab) 

Size and shape of a 
E. Mack, JR. (Ab) 

Slide aa» in the classroom. 'M. ‘PrEr- 
TIT 54g 

Slide-making. ‘The “use of ‘color. eae 
G. E. Estes (Ab).. a Meee 

Sloane. Sir Hans—(P).. 

Small battery charger supplies current for 
nickel plating. R. H. RoGers (Ab). . 

Small contribution to the history of crys- 
tallization. A—. E. O. von Lipp- 
MANN (Ab).. ss 

Small fractionating columns ‘as standard 
equipment for the student organic 
laboratory. E.C. WAGNER (Ar).. 

Small laboratory for chemical microscopy. 
A—. R. Coot (Ar). 

Smith. ‘Alexander—(P) 

Smith. Alexander—as an Pe dy 1a 
KENDALL (Ar).. ek 

Smith. Alexander—, "the "investigator. 

. H. McKee (Ar) 

Smith. Edgar Fahs—(F). opp. p. 
607; (P) See also, 612, 613, 615, 616, 
617, 619, 620, 622, 623, 624, 625, 626, 


"Edgar Fahs—(E).... 
Edgar Fahs—. W. T. TAGGART 

Smith. Edgar Fahs—Memorial number— 
See, entire April issue. 

Smith. A tribute to Edgar Fahs—(E)... 

Smith. Biographical accounts on Edgar 
Fahs—, appearing since 1928 (Ar)... 

Smith. Pennsylvania High School named 
for Edgar Fahs—(C 

Smith. Publications of a rar Fahs—(Ar) 

Smith. Sidelights on the life of Dr. Edgar 
Fahs—. H. HAte ( Ar). 

Smith Memorial Colmetinn: ‘The “Edgar 
Fahs—, University of Pennsylvania. 
E. ARMSTRONG (Ar). 

Smith memorial a ‘See, entire ‘April 
issue; See also (S) 

Smith. J. Lawrence—(P) 

Smith. Mrs. Edgar Fahs—(P) 

Smith. Nathan—(P) 

Smith. William—(P). 

Smits. Big reminiscences of Dr.— 
F. E. S. SCHEFFER (Ab). SE PES YP 

Smits, Prof. Dr. Andreas—. a2 M. 
Bryjvoret (Ab).. 

Smoke, flash, and fire ‘points of certain 
fixed oils. W. H. Dickuart (Ab).. 

a found to dull the sense of taste 


Snake venom. Potassium ‘permanganate 
as an antidote for—. . M. REESE 


) 
Soup may taste different to different in- 
dividuals (CN 
Soap flotation of the non-sulfides. Ww. ‘HL. 
COoGHILL AND J. B. CLEMMER (Ab).. 
Soaps as water softeners, Comparative cost 
of—: a freshman experiment in chem- 
istry. O. E. Lowman (Ar) 
a The—. H.G. Mouton 
b 


Society of Chemical Industry. Presidents 
and medalists of the—. ANON. (Ab) 
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Socrates. The shade of—(E).. fh ntia 
Sodium, and potassium. The ‘isotopes of 
lithium,— T. BAINBRIDGE (Ab). 


Sodium—See, The re of the ele- 
ments. E. Weeks (Ar).. 

Solar radiation. C. MG. Apsot (Ar).. 

Solid carbon dioxide in raed technic. 

H. KILverFrerR (Ab). elascans 

Solubility problem of colloids. -E. S. 
IPE 0k 6s ¥'vic accede eaews see 

Solutions of metals in non-metallic sol- 
vents: some of their physical and 
chemical pempeatiss. C. A. Kraus 
(Ab)....- 

Solutions of two volatile, “ consolute liquids. 
Vapor pressure-vapor composition 
curves of ideal—. H.S. vAN KLoos- 
TER (Ar).. , 

Solvay-soda process ‘in| the classroom. 
The demonstration of the—. H. 
RHEINBOLDT AND L. BEUMELBURG 

Solvents industry, The aliphatic—, 1931. 
Anon. (Ab). 

Some applications of the electronic theory 
of chemistry. R. F. HuNnTER (Ab). 

Some applications of the electronic theory 


to valency. R. F. Hunter (Ab). 
Some aspects of catalysis. J. ALEXANDER 
ce ; 


Some aspects of stereochemistry. 
EE PPA rr rere 

Some chemical aspects of cancer research. 
E. McDonatp (Ar). 

Some elementary laboratory precautions 
against fire (S). } 
Some elements yielded ‘by yttrium. “A 

classic of science’ (Ab). ae 
Some experiments with crystals. Cc. H. 
Stone (Ar).. 

Some modern developments of ‘organic 
chemistry. D. E. WorRALL (Ab). 
as" of the fallacies of colloid chemistry. 

. L. Ketry (Ab). 
soe’ ’ problems relating ar history "of 
— and technology. G. BuUGGE 
Some recent advances in biological chem- 
istry. R.A. DuTcHerR (Ar)........ 
Some recent developments in American 
glass manufacture. A. SILVERMAN 


(Ab).... NP: PR ORS Bee ree 
Something new: aluminum jewelry. C. 
eae rr 
Sources of peeeet material. H. W. Han- 
SEN ( ‘ 
South. The development ‘of scientific re- 


search in the—. G. J. Fertic (Ab). 
Southwest still a proving ground for pe- 


troleum technology. S. D. KirxK- 
gt ar 
Spaulding. Lyman—(P)...........+204: 
Spectral tests. An atomizer for—. J. 


MILBAUER (Ab).. 

Spectroscope. Practical “analysis with 
the—. C. C. Nitcnrg (Ab). 

Spectroscopy with special reference ‘to the 
“ratio quantitative system.’’ Quanti- 
tative—. S.J. Lewis (Ab)......... 

Spectroscopy—See, The discovery of the 
elements. XIII. M.E. Weeks (Ar) 

Spectrum. Heat of the—. ‘‘A classic of 
science’”’ (Ab).. 

Spectrum analysis with Hilger instruments, 
including a note on the various types 
of emission spectra. The wee 
of—. F, TwyMan (B). 

Speed limit in new experiments. 
cules observe—(CN). 

Speeding electrons make ‘large ‘molecules 
form (S). 

Spheres. The packing of—. 
(Ab)... 


“" Mole- 
eo : PAULING 


‘transmutation. 
M. NIERENSTEIN (Ab) 


Spinoza, ‘and 
vetius,—. 
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1832 
758 
570 
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2144 
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1522 
370 
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1128 
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1999 
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761 


791 
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Spontaneous combustion in the marshes of 
southern Louisiana. P. Viosca, JR. 


(Ab). nde Bet bees 
Spot plates. “Improvised— —. L. P. Mit- 
CHELL ( 
Spraying. The evaluation ‘of sulfur sus- 
pensions used in—. Woop- 
MAN (Ab).......0seccccesecceseece 


Spring meeting of the A. C.S. (E).... 

Springer, Dr.—honored by pileidelberg « on 
golden anniversary (C 

Stahl. Georg Ernst—(P)....... «cece 


Standards at the college level. Class- 
size—. E. HupgLson (Ab).. 

Starch. The microscopy of—. H. Exis 
(Ab). A 

Stars. The chemistry ‘of the—. W. K. 


GREEN (Ab).. 

State university, ‘The—a ‘service ‘institu- 
tion... J.- 6. Garter GAD)... 6 5... evr eres 

Statistical data concerning German chem- 

ists, 1925 (Ab). 

Statistical data 1930 for chemical instruc- 
tion. F. HorMann (Ab). 

Statistics of private high schools and 
academies 1929-30 (B). 

Statistics of teachers’ colleges and ‘normal 
schools 1929-30. . 

Status of chromium plating. Pes, 
W. Brum (Ab). 

Status of the junior- college instructor (B) 

Steam. Endurance of steel reduced by— 

Steel epeeeent. Silicates and—. ANON. 

Steel welds. Radium finds application in 
inspecting—(S). Aedes eee ee Bad 

Steel reduced by steam. Endurance of — 


Steels in the ‘chemical ‘industry. High 


chromium—. F. M. Becket (Ab)... 
Stereochemistry. Forty years of—. W 
2 ES fo eutesaseeaeaiKeneel 
Stereochemistry. Some aspectsof—. W. 
pe) RA ere es 
A) ee ee ) Sere 586, 


Stock, Professor—is visiting Cornell on 
Baker lectureship (CN). 
Stone age men made tools of crystal (S). 
Stopper puller. A glass—. F. | PRATT 
CRN. cnwnked oaethe ch wae epee anis 
Stopper substitute for the Victor Meyer 
outer a: A—. J. H. RoBErt- 
SON (Ar).. : 
Stoppers. An ‘extractor for “frozen” 
bottle—. S. L. REDMAN (C). 
Stoppers. Two simple methods for ex- 
tracting frozen—. A. SLOAT AND 
A. E. aay 
Stoppers from acid bottles. An apparatus 
for removing glass—. E. R. RosE 
Story of alcohol. The—. C. C. PINgs 
Story of common things. The—. L. 
EHRENFELD (B).. Ce istasaiensen 
Stromeyer. Friedrich—(P). ais con oe eee 
Strontium. Color ems a of calcium in 
the presence of — . L. Hann (Ab) 
Strontium in the clans of calcium. 
The detection of—. A. W. AVENS 
AND M. J. MURRAY (Ar). ; 
Strontium—See, The discovery of the ele- 
ments. X. M. E. WEEKs (Ar). 
Structure of the atomic nuclei. The—. 
E. RUTHERFORD (Ab). 
Structure. Recent applications ‘of X- -rays 
in investigations of molecular—. W. 
C. Prerce (Ar). 
Strutt. Robert John—(Lord Ray leigh) (P) 
Student accuracy in the physical-chemical 
laboratory. E. C. GILBERT AND G. 
C. Ware (Ar). 
Students in chemistry, ‘1931. ‘The ‘eighth 
census of graduate research—. C. 
Hutt anv C. J. West (Ar).. 
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Studies in the mineral and chemical re- 
sources of the Agee Desert. P. L. 
TuRRILL (Ar) I. ee ee cee 

Bacs 
Ill. The inspection ‘trip. 

Studies on Jabir ibn Hayyan. ’ Pp. Kraus 
(Ab).. : 

Study of chemistry. ‘An ‘elementary—. 
W. McCPHERSON AND W. E. HENDER- 
SON ( 

Study of the achievements of students of 
general chemistry in college. A—. 
W. J. Bray (Ab) 

Study suggests new line of cancer research 

Stunts for the home chemists. Indus- 
trial—. R. B. Wares (Ab).. 

Syracuse University. Vocational lectures 
for high-school students at—(CN 

Sublimation. G. R. RoBERTSON (Ar). 

Suction and dropping device. Automatic 
—. E. LOWENSTEIN (Ab) 

Sugar. Unrefined—. H.C.S, DE WHAL- 
LEY (Ab) 

Sugars and other organic substances. 
convenient method for the crystalliza- 
tion of—. TAUBER AND I. S. 
KLEINER (Ar).. are 

was iy projects in plant chemistry. H. 

SCHAEFFER (Ar). 

Sulfur’ crystals. Preparation of rhom- 
bic—. C. H. Stone (C).. 

Sulfur for your home laboratory. ‘Experi- 
ments with—. R. B. WaILEs (Ab). 

Sulfur industry. New woud process 
ete. 

Sulfur mining. Looking | forward. 
J. H. Potvarp (Ab). 

Sulfur, Copper ores cleared of—by water 
(CN 


in—. 


Sulfur, Mining—for world consumption. 
Epir. StaFF (Ab). 

Sulfur—See, The discovery ‘of the elements. 
I. M. E, Weeks (Ar).... 

Sulfur suspensions used in spraying. ‘The 
evaluation of—. WooDMAN 


Ab) 
Sulfuric acid. manufacture of—. 
is NID 65 5.8 ka ita lo eiene wis oc 
Sulfuric acid plants. Corrosion looms 
largein—. J.J. Heary, J 
Summer courses at Pittsburgh (CN) 
Summer courses in chemical microscopy at 
Cornell University (CN).. m 
Summer session of Hopkins chemistry de- 
partment. Notable American chem- 
ists will contribute to—(CN).. 
Summer session, Can the—extend its ser- 
vice beyond the teacher? (E)........ 
Sun an atom builder, The— a new theory. 
H. N. Russet (Ab) 
Sundsirém. Anna—(P) 
Sunlight upon man. The effect of—. 
J. H. Ports (Ab). 
Sunshine vitamin made i in ‘laboratory (CN) 
Surface activity equation. A laboratory 
experiment based on the Freundlich—. 
W. Bennett (Ar). eaers 
Surfaces. The catalytic action ji sg 
. Nyrop (Ab). 
eaions of _ chemistry ‘of free radicals. 
A—. GomBERG (Ar). 
Survey, Phd ware: American chemistry, 
Vol. VI, 1931. C. J. West, editor (B) 
Survey, Biennial —of education in the 
United States, 1928-30 (B). Vol. 1. 
Chap. III. Secondary education.... 
be 2 = Chap. IV. Industrial educa- 


Sweden and the United States. A com- 
parative study of science education 
in—. H. F. KILANDER (Ab) 

Symposium on ‘“‘The ane of chemical 
education in America” 
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Syntheses. Copee-<Onneatire Vol. I). 
H. GI_MAn (B).. 

Syntheses. Organic—. Vol. XII. F.C. 
WHITMORE, editor-in-chief (Bye. 

Synthesis of hydrogen chloride in a gas re- 
action double sphere. The—. P. 
RISCHBIETH (Ab). ate 

Synthetic organic chemistry. 
in—. E, E. Rep (Ar). 

Syracuse meeting of the American Associa- 
tion for the Advancement of Science 
and associated societies. The—. C. 


‘A new era 


System for eliminating bookkeeping in 
lending articles from the laboratory 
storeroom. A—. C. W. ToTTeEN (Ar) 

System of qualitative microanalysis. A—. 

ENGELDER AND W. SCHILLER 
(Ar). 

Systematic qualitative analysis with the 
help of many new reactions. C. J. 
Van NIEUWENBURG (Ab) 


William Henry Fox—(P) 
Tantalum—See, The discovery of the ele- 
ments. VII. M. E. Weeks (Ar). 
T’ao Hung-Ching. T. L. Davis AND 
Lu-CwH’IANG Wu (Ar). <5 

Taste in water (S). 

ies on found to ‘dull ‘the ‘sense 

Taste, Inability to—bitter chemical is 
hereditary (S) 

Taylor, Hugh S.—nominated to eerie 
in. Royal Society (CN). Saak 

Teacher demand and supply (B). 

Teacher participation in community af- 
fairs. E.S. Ho_peck (Ab).. 

Teacher training primarily a state fune- 
tion. J. A. WiLitams (Ab). 

Teacher who became a count. 


Talbot. 


Teacher. The pupil checks the—. 

F. ScHAFFLE (Ab). ae 

Teacher. The pupil looks ‘at ‘the: ©. 
C. GuILrorD (Ab). 

Teacher and service courses in the land- 
=: college. The ee R. 

Kirk (Ar).. 

Teacher Can the summer session extend 
its service beyond the—? (E). 

Teacher be a recruiter for chemistry, 
Should the—? (E)..... 

Teachers. Administrative Practices ‘af- 
fecting classroom—(Ab). core 

Teachers. Research for—(E).. 

Teachers for character education. 
ing—. NEUMANN (A ee 

Teachers of New Jersey. sd of sub- 
jects taught, teaching load, and prepa- 
ration in science of the science—. 
R. D. Reep (Ar). 

Teachers—See, Indices of the qualities ofa 
faculty. H. L. HumKe (Ab).. 

Teachers’ colleges. The administration of 
chemistry in state—. T. HERN- 
DON (Ar).. 

Teachers’ colleges ‘and. ‘normal. 
Statistics of —1929-30 (B). . 

Teachers’ service bureau. A chemistry—. 
J. O. FRANK AND T. O. JoNES oe. 

Teacher-training. Trends in—. 

Situ (Ab).. 

Teaching of chemistry in the high school. 
The—. J. H. Carp (Ab). 

Teaching of chemistry in the secondary 
schools of New South Wales, with 
special reference to the conditions 
existing in the United States of 
America. The—. R. W. STANHOPE 


“Train- 


schools, 


(B).. 
Teaching of science in ‘secondary schools. 
T 


e—. D. Curtis (Ab). 
Teaching of hte history of science ‘in the 
University of London. The—. A. 
Wotr (Ab).. pORe tee ee 
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Teaching of the theory of the dissociation 
of electrolytes. The—. M. KIL- 
PATRICK, JR. (Ar). I. The applica- 


Test in the mechanics and related funda~ 
mentals of high-school chemistry. 
Construction of a diagnostic—. 


tion of the law of mass action to solu- SS ee er ere te "1136 
tions of electrolytes..............-5 840 Test, Persing laboratory chemistry—. 
Ill. The colorimetric method. 1226 Forms A and B. K.M. Prerstnc (B) 1314 
Teaching of the theory of the dissociation Testing the a: of distilled water. 
of electrolytes, The—. Ta E. Truc (Ab) eis 756 
definition of pH. M. KILPATRICK, Testing program of the codperative ‘test 
Jr. AND M. L. Kivpatrick (Ar).. 1010 service. The proposed 1932  col- 
Teaching load for chemistry teachers. “Re- lege—. J. B. JouHNSON (Ab). 572 
port of the committee on the— (Ar).. 2111 Tests for new element 87 confirmed ‘by 
Teaching Faun pags chemistry. The — . Prag nag om rennet ag nf ny = 
= WAN UE occ ie tee sees 2 ests in chemistry t UL L ¢ 
Teaching the more aeons pupil. C. Tests. An experiment with true- false—. 
W. Bose (Ab).. he ++, S400 J. R. Bretz (Ab). ad 762 
Teaching versus research. N. I. “WuiTe Tests and measurements announced. Dr. 
Ab). Ra ere Segel’s ae as specialist in 
Teaching. ‘College and ‘university —. H. educational—(C i. 181 
pag ON Re eer re 949 Tests in chemistry. The twentieth ‘cen- 
Teaching. College and inetd tury practice-exercises and beg 
« Anon. (Ab).. :: ad 1493 tive—. G. M. BRADBURY AND M. 
Teaching. The ‘advancement | ° — : McGILt (B).. 194 
B. Munro (Ab).. 950 Tests. Intelligence— See, “Away with fancy 
Teaching by the American “Association of frillsand fads. R.R. TURNER (Ab). 371 
University Professors. seeeenepon - Textbooks reviewed in JOURNAL OF Cuem- 
of college—(CN). eis 384 ICAL EpucarTION, Vol. IX—See, titlesin 
Teaching chemistry. Methods — E. italics in the Author a thisissue. 
B. AMMIDOWN (Ab) 1133 Textile Foundation, Inc. The—. W. B. 
Teaching fundamentals ‘of chemical “equi- EMLEy (Ar).. RESTA ee rey ree | 
librium. Usable analogies in—. W. ore Textile microscopy. HL. EL.LIs ge aaa 567 
E. CALDWELL (Ar).. ‘- 20 Textile testing laboratory has demon- 
Teaching general science by ‘a "contract strable value. H.H. Wituis (Ab). 570 
plan. The use of visual aids in—. _ Textile industries during the industrial 
D. F. OsBuRN (Ab). 7 ; 36 revolution. Theimportante o chemi- 
Teaching of chemistry. ‘Atomic ‘and cal developments in the—. J. H. 
molecular structure models as a visual PARK AND E, GLOUBERMAN (Ar). . 1142 
aid in the—. A. L, PouLeur (Ar). 301 Textile industry. Improved methods of 
Teaching of chemistry in the University of water purification aid—. D. R. 
Pennsylvania, ‘ si are. ? —_ WeEpon ae oR ee 7 569 
School of Philadelphia, an the Textile Researc 'S. Institute or—. 
Franklin Institute of Pennsylvania. 'W. E. Emvey (Ar).. 1882 
= on the —* a S. HEPBURN tess Textile peo Modern. practice in dis. 
Ar) Feats é posal and recovery of— 4 
Teaching of ‘chemistry since “1914. “Ad- Hapvey (Ab). iron aaes 569 
vancesinthe—. F. B. Darns (Ar). 745 Thalén. Tobias Roberl—(P) . PRP ny eee 1613 
Teaching of ges armen’ | Modern aaa te iC Wiasue” salen 
conceptions and the—. FE. A. WILD- ments. III. > z ee 28 
NE oe vak peace nn es os esauees 92 Thenard. Louis Jacques—(P).. Deak a ealea 1390 
y : 7 , ine Theoretical chemistry. Outlines of—. 
bee ogo gE rcp ag F. H. GETMAN AND F. Dantets (B).. 602 
W. P. Jonson (Ab). .. a8 Theses in education. Recent—(B)...... 970 
Teaching science. A college * course in Thin films in relation to corrosion prob- 
methods of—. V. GEGENHEIMER lems. U, R. Evans (Ab). 164 
(Ar) 1439 Third competitor to enter race for ‘missing ton 
ASE SREP RES FLU Py element 87 
— science. The thirty-first year- Thirty-first yearbook of the National So- 
ook of the National Society for the 
ciety for the Study of Education, The 
Study of Education. PartI. A pro- ‘ —.° Part I. A program for teaching 
“se” ten oa | science. S.R. Powers (B) ........ 962 
bah nia ep Se een Thompson. Benjamin—See, A teacher 
phies on chemistry and chemical—. A 
Saonand | t, 1929-31. C. J. who became acount. ANON. (Ab)... 2003 
Saar sat ae Ss Thomson. Thomas—(P)....... ...2++++ 871 
EST AND D. D. BEROLZHEIMER (B) 970 a - ae E ef 
Ty Thorium—See, The discovery of the ele 
Korheeeey- Bas 30 problems ‘Si Bve to ments. XI. M. E. WeeKs (Ar) 1240 
istory of science and—. BUGGE Thorpe Sir Edward (T.E ae, ay sai 878 
T (Ar)... F : y 1567 Three common elements in group IV. “A 
eeth. luorine ‘proved cause of classic of science’ (Ab)............. 2140 
T mottled—(S). 858 Thulia—See, The discovery of the ele- 
eeth, Food more important for good— ments. XVI. M. E. Weeks (Ar).. 1761 
than brushing (S). 600 — Tierischer stoffe, Chemie und chemische 
Tells new theory of frostbite protection ; technologie: ein Einfuhrung in die 
(CN)......... 184 angewandte Zoéchemie. G. GRASSER 
Tellurium—See, ‘The discovery of the ele- GR ison ta edatede ca cuweue meee 199 
ments. VI. M. E. WEEKS (Ar).. . 474 Timber. The conservation of struc- 
Temperature comparison chart. T. Cc. tural—. M. E. Smiru (Ab)........ 759 
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